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Fia.22
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1
OIL PUMP

TECHNICAL FIELD

The present invention relates to an oil pump, and more >
particularly, 1t relates to an o1l pump including an 1nner rotor,
an outer rotor, and multiple vanes connecting the outer
periphery of the inner rotor and the nner periphery of the

outer rotor.
10

BACKGROUND ART

In general, an o1l pump including an nner rotor, an outer
rotor, and multiple vanes connecting the outer periphery of
the inner rotor and the inner periphery of the outer rotor is 1°
known. Such an o1l pump 1s disclosed 1n Japanese Patent
Laying-Open No. 2012-255439, for example.

In Japanese Patent Laying-Open No. 2012-255439, there
1s disclosed a pendulum-slider pump (o1l pump) including an
inner rotor rotationally driven, an outer rotor arranged to 2¢
surround the 1nner rotor, configured to be rotatable outside
the mner rotor, and multiple pendulums (vanes) connecting
the outer periphery of the inner rotor and the 1inner periphery
of the outer rotor. In this pendulum-slider pump described 1n
Japanese Patent Laying-Open No. 2012-255439, a first end 2>
(tip end) of each of the pendulums 1s hinged to the outer
periphery of the iner rotor, and a second end (base part) of
cach of the pendulums 1s fitted 1nto a recess part of the outer
rotor formed to correspond to each of the pendulums. In
response to relative eccentricity between the inner rotor and 3Y
the outer rotor, each of the pendulums 1s sequentially rota-
tionally moved while swinging about a connecting part with
the inner rotor along with the rotation of the inner rotor, and
the second end of each of the pendulums 1s displaced to
freely appear from and disappear into the recess part of the 33
outer rotor. At this time, multiple volume chambers indi-
vidually partitioned by the pendulums are sequentially
repetitively deformed along with the rotation of the inner
rotor, thereby providing a pumping function.

Furthermore, in order to cause the pendulums to swing “Y
(turn), an intermediate part of each of the pendulums con-
necting the first end and the second end i1s narrower than
both ends (the first end and the second end). Thus, the
intermediate part entering the recess part of the outer rotor
is prevented from contacting with an inner wall of the recess 4>
part due to swing (inclination) of the pendulums. In addition,
cach of the pendulums swings, whereby both the inner rotor
and the outer rotor having relative eccentricity smoothly
rotate.

50
PRIOR ART

Patent Document

Patent Document 1: Japanese Patent Laying-Open No. 55
2012-255439

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention 60

In the pendulum-shider pump (o1l pump) described in
Japanese Patent Laying-Open No. 2012-253439, although
the multiple volume chambers individually partitioned by
the pendulums are sequentially repetitively deformed along 65
with the rotation of the inner rotor, thereby providing the
pumping function, there 1s such a problem that a net rate of

2

discharge of oil per umit rotation cannot be sufliciently
increased because of the dithiculty of sufliciently utilizing

the amount of change in volume other than the volume of the
multiple volume chambers partitioned by the pendulums.
The present invention has been proposed 1n order to solve
the atorementioned problem, and an object of the present
invention 1s to provide an oil pump capable of sufliciently
increasing a net rate of discharge of o1l per unit rotation.

Means for Solving the Problem

In order to attain the atorementioned object, an o1l pump
according to an aspect of the present mvention includes a
rotatable 1nner rotor that includes a vane-housing unit hous-
ing multiple vanes so as to be capable of sliding 1n a radial
direction, a rotatable annular outer rotor that includes mul-
tiple vane-connecting parts connecting tip ends of the mul-
tiple vanes on the outside in the radial direction, first
volume-changing parts, which are provided between the
inner rotor and the outer rotor, and the first volume of which
1s changed 1n response to the eccentricity of the inner rotor
with respect to the outer rotor, thereby providing a pumping
function, and second volume-changing parts, which are
provided 1n the outer rotor, and the second volume of which
1s changed by a change 1in a distance between adjacent
vane-connecting parts 1n a circumierential direction in
response to the eccentricity of the inner rotor with respect to
the outer rotor, thereby providing a pumping function.

As hereimabove described, the o1l pump according to the
aspect of the present invention includes the mner rotor that
includes the vane-housing unit housing the multiple vanes so
as to be capable of sliding in the radial direction, the outer
rotor that includes the multiple vane-connecting parts con-
necting the tip ends of the multiple vanes on the outside in
the radial direction, the first volume-changing parts, the first
volume of which 1s changed 1n response to the eccentricity
of the mner rotor with respect to the outer rotor, thereby
providing the pumping function, and the second volume-
changing parts, which are provided in the outer rotor, and the
second volume of which 1s changed by the change i the
distance between the adjacent vane-connecting parts in the
circumierential direction in response to the eccentricity of
the 1nner rotor with respect to the outer rotor, thereby
providing the pumping function. Thus, 1n addition to the
highly-eflicient pumping of the first volume-changing parts
partitioned by the vanes, the pumping of the second volume-
changing parts newly provided in the outer rotor can be
cllectively utilized. Therelfore, a net rate of discharge of o1l
per unit rotation in the oil pump can be sufliciently
increased. Consequently, the pumping efliciency can be
improved. When compared at the same rate of discharge, the
o1l pump can be reduced 1n size, and hence the mountability
of the o1l pump to a device (apparatus) can be improved.
Furthermore, the o1l pump 1s reduced in size so that a
mechanical loss during driving of the oil pump can be
reduced, and hence the load of a drive source driving the o1l
pump 1s reduced so that the energy can be saved.

The aforementioned o1l pump according to the aspect
preferably further includes third volume-changing parts, the
third volume of which in the vane-housing unit of the inner
rotor 1s changed by slide of the multiple vanes in the radial
direction in response to the eccentricity of the inner rotor
with respect to the outer rotor, thereby providing a pumping
function. According to this structure, the o1l pump can be
configured to incorporate the change in the volume of the
third volume-changing parts 1n the vane-housing unit by the
linear slide of the vanes in the radial direction with respect
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3

to the vane-housing unit into the pumping including the
suction and discharge of the o1l 1n addition to the pumping
of the first volume-changing parts and the second volume-
changing parts, and hence the pumping of the third volume-

discharge of the o1l per unit rotation that the oil pump has
can be further increased. Consequently, the o1l pump can be
turther reduced 1n size. In the aforementioned Patent Docu-
ment 1, the intermediate part of each of the swinging
pendulums 1s narrower than both ends, and hence a new
space part (volume part) 1s collaterally generated between
the narrowed intermediate part of each of the pendulums and
the recess part of the outer rotor when the second end (base
part) of each of the pendulums deeply enters the recess part
so that a volume chamber surrounded by the base part and
the recess part 1s minimized. In the aforementioned o1l pump
according to the aspect, on the other hand, the vanes linearly
sliding 1n the radial direction are used, and hence it 1s not
necessary to narrow an intermediate part of each of the vanes
that appears from and disappears 1nto the vane-housing unait.
Therefore, no minus factor (wasted work) to newly increase
the volume (newly form volume chambers) 1n parts of the
third volume-changing parts on the side of the first volume-
changing parts 1s generated during a decrease change in the
third volume of the third volume-changing parts, and hence
the changes in the volumes of the first, second, and third
volume-changing parts can eflectively work on the pumping,
of the entire o1l pump.

The aforementioned structure further including the third
volume-changing parts preferably further includes a suction
port that suctions o1l and a discharge port that discharges the
o1l, and 1n the suction port, the third volume 1n the vane-
housing unit of the inner rotor 1s preferably gradually
increased by gradual slide of the vanes, housed 1n the
vane-housing unit, to the outside in the radial direction while
in the discharge port, the third volume 1n the vane-housing
unit of the inner rotor 1s preferably gradually decreased by
the gradual slide of the vanes, housed in the vane-housing
unit, to the mside 1n the radial direction. According to this
structure, the change in the third volume generated by
repeating appearance (increase) from and disappearance
(decrease) into the vane-housing unit along with back-and-
forth linear movement of the vanes to the outside and the
inside in the radial direction can be easily utilized as
pumping. At this time, the drive force of the o1l pump can be
converted to not only the change in the volume (first
Volume) of the first volume-changing parts and the change
in the volume (second volume) of the second volume-
c_langmg parts following the slide of the vanes but also the
change in the volume (third volume) of the third volume-
changing parts following the slide of the vanes, and hence
the mechanical efliciency of the o1l pump can be improved
without wasting the drive force.

In the atorementioned structure further including the third
volume-changing parts, the thickness of each of parts of the
vanes housed i the vane-housing unit 1s preferably con-
stant. According to this structure, the vanes including the
parts housed 1n the vane-housing unit, the thickness of which
1s constant, are used, whereby the vanes can stably slide 1n
the radial direction without backlash in the vane-housing
unit. Furthermore, no backlash of the vanes 1s generated
during back-and-forth movement, and hence the airtightness
can be improved when the third volume-changing parts
(third volume) repeat their enlargement (increase) and
shrinkage (decrease). Thus, the pumping efliciency of the
third volume-changing parts can be maintained at a high
level.
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In the atorementioned o1l pump according to the aspect,
the second volume-changing parts are preferably configured
to be capable of changing the second volume by the change
in the distance between the multiple vane-connecting parts
of the outer rotor in the circumierential direction by changes
in the radial slide positions of the tip ends of the vanes on
the outside 1n the radial direction in response to the eccen-
tricity of the inner rotor with respect to the outer rotor, the
outer rotor preferably includes multiple outer rotor pieces,
cach of which 1s provided for each of the multiple vanes and
includes a vane-connecting part, the multiple outer rotor
pieces are preferably circumierentially arranged in a state
where adjacent outer rotor pieces engage with each other so
as to be capable of changing a distance therebetween 1n the
circumierential direction, the adjacent outer rotor pieces
preferably engage with each other in the circumierential
direction while having engagement spaces constituting the
second volume changmg-parts and the second volume of
the engagement spaces 1s preferably changed by a change 1n
the distance between the adjacent outer rotor pieces in the
circumierential direction. According to this structure, prop-
erly utilizing the displacement of the radial slide positions of
the tip ends of the vanes on the outside in the radial
direction, distances between the multiple vane-connecting
parts of the outer rotor 1n the circumierential direction can
be easily changed (increased and decreased). Thus, properly
utilizing the drive force of the vanes 1n the radial direction,
the second volume changing-parts can perform the pumping
function.

Furthermore, the multiple outer rotor pieces are circum-
terentially arranged 1n the state where the adjacent outer
rotor pieces engage with each other so as to be capable of
changing the distance therebetween in the circumierential
direction, whereby properly utilizing the movement (expan-
s1on and contraction) of the adjacent outer rotor pieces away
from and toward each other 1n the circumterential direction,
the second volume changing-parts (second volume) can
perform the pumping function of repeating their enlarge-
ment (increase) and shrinkage (decrease). Moreover, the
second volume of the engagement spaces 1s changed by the
change in the distance between the adjacent outer rotor
pieces 1n the circumierential direction, whereby properly
utilizing, as the second volume, the engagement spaces
generated when the outer rotor pieces engage with each
other, the second volume changing-parts can perform the
pumping function of repeating an increase and decrease in
the second volume.

In the aforementioned structure in which the second
volume changing-parts can change the second volume in
response to the eccentricity of the inner rotor with respect to
the outer rotor, grooves or holes that allow the engagement
spaces constituting the second volume-changing parts and
the first volume-changing parts to communicate with each
other are preferably provided. According to this structure,
the first volume-changing parts having the first volume and
the second volume-changing parts having the second vol-
ume are allowed to communicate with each other through
the grooves or holes, and hence the o1l can be suctioned nto
both the first volume-changing parts and the second volume-
changing parts when the volume chambers are enlarged.
When the volume chambers are shrunk, the oil can be
discharged from both the first volume-changing parts and
the second volume-changing parts.

In the aforementioned structure in which the adjacent
outer rotor pieces engage with each other in the circumfier-
ential direction while having the engagement spaces consti-
tuting the second volume changing-parts, the engagement
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spaces constituting the second volume-changing parts each
preferably include a first engagement space located on a first
side between two adjacent vanes and a second engagement
space located on a second side between the two adjacent
vanes. According to this structure, when the generally annu-
lar outer rotor 1s configured by sequentially connecting the
adjacent outer rotor pieces to each other, each of the outer
rotor pieces can easily engage with an outer rotor piece
adjacent on the first side (right side, for example) relative to
itsell through the first engagement space, and each of the
outer rotor pieces can easily engage with an outer rotor piece
adjacent on the second side (left side, for example) relative
to 1tself through the second engagement space, for example.

The atorementioned structure in which the second vol-
ume-changing parts can change the second volume in
response to the eccentricity of the inner rotor with respect to
the outer rotor preferably further includes a suction port that
suctions o1l and a discharge port that discharges the o1l, the
outer rotor preferably includes multiple outer rotor pieces,
cach of which 1s provided for each of the multiple vanes and
includes the vane-connecting part, and in the suction port,
the second volume 1s preferably gradually increased by a
gradual increase in the distance between the adjacent outer
rotor pieces in the circumierential direction while in the
discharge port, the second volume i1s preferably gradually
decreased by a gradual decrease 1n the distance between the
adjacent outer rotor pieces 1n the circumierential direction.
According to this structure, the second volume of each of the
second volume-changing parts can be increased or decreased
in synchronization with the timing of sequentially passing
through the suction port or the discharge port when the
annular outer rotor 1s rotated, and hence the second volume-
changing parts can eflectively perform their pumping func-
tion.

The aforementioned oil pump according to the aspect
preferably further includes a rotor-housing unit that houses
the mner rotor and 1s movable 1 a first direction so as to
change the eccentricity of the 1nner rotor, a suction port that
suctions o1l and a discharge port that discharges the oi1l, and
a cam member linearly moved in a second direction orthogo-
nal to the first direction i response to the discharge pressure
of the o1l from the discharge port, including a cam region
provided to increase and decrease the eccentricity of the
inner rotor by moving the rotor-housing unit in the first
direction following linear movement in one direction of the
second direction. According to this structure, a change can
be easily made by increasing or decreasing the eccentricity
of the mner rotor while moving the rotor-housing unit 1n the
first direction through the cam region provided in the cam
member following the linear movement of the cam member
in one direction of the second direction 1n response to the
discharge pressure of the oil. Therefore, according to the
present invention, only the movement in one direction
enables an increase and decrease in the eccentricity of the
inner rotor, and hence it 1s not necessary to switch a position
on which the o1l pressure acts in response to the discharge
pressure (the rotational speed of an internal combustion) of
the oil. Consequently, 1t 1s not necessary to provide a
hydraulic direction switching valve or the like, and hence the
structure of the o1l pump can be further simplified.

In the aforementioned structure further including the
rotor-housing unit and the cam member, the cam member
preferably includes a spool member linearly moved 1n the
second direction 1n response to the discharge pressure of the
o1l, the rotor-housing unit preferably includes a cam engag-
ing part arranged to face the cam region of the spool
member, the amount of protrusion of the cam region of the
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spool member with respect to the cam engaging part of the
rotor-housing unit preferably changes along the second
direction, and the rotor-housing unit 1s preferably moved 1n
the first direction in response to a change 1n the amount of
protrusion of the cam region associated with movement of
the spool member 1n one direction of the second direction so
that the eccentricity of the inner rotor 1s increased or
decreased. According to this structure, eflectively utilizing a
cam mechanism including the cam region of the spool
member and the cam engaging part of the rotor-housing unit,
the eccentricity of the inner rotor can be increased or
decreased directly following the change in the amount of
protrusion of the cam region associated with the movement
ol the spool member 1n one direction of the second direction.

In the aforementioned structure 1n which the cam member
includes the spool member linearly moved in the second
direction 1n response to the discharge pressure of the o1l, the
cam region of the spool member preferably includes a first
cam region arranged to face the cam engaging part of the
rotor-housing unit when the discharge pressure of the oil
from the discharge port 1s within a first pressure range, a
second cam region engaging with the cam engaging part of
the rotor-housing unit when the discharge pressure of the o1l
from the discharge port 1s within a second pressure range
larger than the first pressure range, and a third cam region
engaging with the cam engaging part of the rotor-housing
umt when the discharge pressure of the o1l from the dis-
charge port 1s within a third pressure range larger than the
second pressure range, and when the spool member 1s
moved 1n one direction of the second direction so as to
sequentially switch the cam region of the cam member to the
first cam region, the second cam region, and the third cam
region 1n response to an icrease in the discharge pressure of
the o1l from the discharge port, the amount of movement of
the rotor-housing unit 1n the first direction with respect to the
rotation center of the mner rotor and the eccentricity of the
inner rotor are preferably decreased 1n a case of the second
cam region, and the amount of the movement of the rotor-
housing umit 1n the first direction and the eccentricity of the
inner rotor are preferably increased 1n a case of the third cam
region from a state where the amount of the movement of the
rotor-housing unit in the first direction with respect to the
rotation center of the mner rotor and the eccentricity of the
inner rotor are decreased in the case of the second cam
region. According to this structure, based on the first cam
region corresponding to the case where the discharge pres-
sure of the oil from the discharge port 1s within the first
pressure range, the cam region ol the spool member 1s
sequentially switched from the first cam region to the second
cam region and from the second cam region to the third cam
region along one direction of the second direction when the
discharge pressure of the o1l 1s increased from the first
pressure range to the second pressure range and from the
second pressure range to the third pressure range, and the
eccentricity of the inner rotor can be both increased and
decreased by the switching of the cam region following the
movement of the spool member 1n one direction. Therefore,
desired discharge pressure characteristics can be easily
generated 1n the o1l pump.

In the aforementioned structure 1n which the cam region
includes the first cam region, the second cam region, and the
third cam region, the first cam region 1s preferably formed
such that the eccentricity of the inner rotor associated with
the movement of the rotor-housing unit in the first direction
1s first eccentricity, the second cam region 1s preferably
formed such that the eccentricity of the inner rotor associ-
ated with the movement of the rotor-housing unit 1n the first
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direction 1s second eccentricity smaller than the first eccen-
tricity, and the third cam region 1s preferably formed such
that the eccentricity of the inner rotor associated with the
movement of the rotor-housing unit 1n the first direction 1s
third eccentricity larger than the minimum value of the
second eccentricity. According to this structure, based on the
pump capacity in the case where the discharge pressure of
the o1l 1s within the first pressure range, the pump capacity
in the case where the discharge pressure of the o1l 1s within
the second pressure range can be adjusted to be smaller than
the pump capacity in the case where the discharge pressure
of the o1l 1s within the first pressure range, and the pump
capacity in the case where the discharge pressure of the o1l
1s within the third pressure range can be adjusted to be larger
than the pump capacity in the case where the discharge
pressure of the o1l 1s within the second pressure range and
smaller than the pump capacity in the case where the
discharge pressure of the o1l 1s within the first pressure
range.

In this case, the second cam region 1s preferably provided
such that the eccentricity of the inner rotor 1s decreased from
the first eccentricity to the second eccentricity toward the
third cam region, and the third cam region 1s preferably
provided such that the eccentricity of the inner rotor i1s
increased from the second eccentricity to the third eccen-
tricity toward a side opposite to the second cam region.
According to this structure, when the spool member 1s
moved 1n one direction of the second direction, the eccen-
tricity of the 1nner rotor associated with the movement of the
rotor-housing unit 1 the first direction can be easily
decreased 1n the case of the second cam region. Further-
more, when the spool member 1s moved on one direction of
the second direction, the eccentricity of the inner rotor
associated with the movement of the rotor-housing unit 1n
the first direction can be easily increased in the case of the
third cam region.

In the aforementioned structure in which the cam region
includes the first cam region, the second cam region, and the
third cam region, the first cam region of the spool member
1s preferably linearly moved to a position corresponding to
the cam engaging part of the rotor-housing unit in the first
pressure range so that the rotor-housing unit 1s linearly
moved to a first eccentricity position 1n the first direction and
the eccentricity of the inner rotor with respect to the outer
rotor 1s changed to first eccentricity, which 1s maximum
eccentricity, the second cam region of the spool member 1s
preferably linearly moved to a position engaging with the
cam engaging part of the rotor-housing unit 1n the second
pressure range so that the rotor-housing unit i1s linearly
moved to a second eccentricity position in the first direction
and the eccentricity of the inner rotor with respect to the
outer rotor 1s changed to second eccentricity smaller than the
first eccentricity, and the third cam region of the spool
member 1s preferably linearly moved to the position engag-
ing with the cam engaging part of the rotor-housing unit 1n
the third pressure range so that the rotor-housing unit 1s
linearly moved to a third eccentricity position 1n the first
direction and the eccentricity of the mner rotor with respect
to the outer rotor 1s changed to third eccentricity larger than
the minimum value of the second eccentricity. According to
this structure, the rotor-housing unit can be moved to any of
the first eccentricity position, the second eccentricity posi-
tion, and the third eccentricity position corresponding to the
first pressure range, the second pressure range, and the third
pressure range, respectively, and the eccentricity of the inner
rotor can be properly adjusted to the first eccentricity, the
second eccentricity, and the third eccentricity. Therefore, the
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o1l pump capable of accurately exhibiting the required
discharge pressure characteristics can be obtained.

The aforementioned structure further including the rotor-
housing unit and the cam member preferably further
includes a first urging member that urges the rotor-housing
unit toward the cam member and a second urging member
that urges the cam member toward a position on the side of
the discharge port. Acccrding to this structure, when the
rotor-housing unit 1s moved in the first direction following
the linear movement of the cam member 1n one direction of
the second direction, the rotor-housing unit can be moved in
the first direction while properly following the cam shape
(concave-convex shapc) of the cam rcgicn of the cam
member by the urging force of the first urging member on
the rctcr—hcusmg unit toward the cam member. Furthermore,
the second urging member that urges the cam member
toward a position on the side of the discharge port 1s
provided, whereby when the discharge pressure of the oil
from the discharge port 1s decreased, the cam member can be
casily pushed back in another direction opposite to one
direction of the second direction by the urging force of the
second urging member. Thus, the cam member can perform
a reversible operation in response to the discharge pressure
of the oil.

According to the present application, the following struc-
ture 1s also conceivable in the aforementioned o1l pump
according to the aspect.

More specifically, in the aforementioned o1l pump accord-
ing to the aspect, an o1l film 1s preferably formed on the outer
surface of the outer rotor. According to this structure, even
when the outer rotor includes the multiple vane-connecting
parts and 1s ccnﬁgurcd to mvolve the change 1n 1ts shape
causing the changc in the second volume of the second
volume-changing parts resulting from the change in the
distance between the adjacent vane-connecting parts in the
circumfierential direction, the o1l film 1s formed on the outer
surface of the outer rotor so that the annular outer rotor
involving this change 1n 1ts shape can be smoothly rotated 1n
a casing of the o1l pump. Furthermore, due to this o1l film,
the second volume of the second volume-changing parts can
be smoothly changed.

In the atorementioned o1l pump according to the aspect,
the multiple vanes are preferably mounted on the vane-
housing unit of the iner rotor so as to be capable of shiding
in the radial direction without swinging in the circumieren-
tial direction. According to this structure, the vanes can
appear from and disappear into the vane-housing unit while
linearly (one-dimensionally) sliding along the radial direc-
tion when the o1l pump operates, and hence it 1s not
necessary to form, 1n the vanes, such a unique shape that the
intermediate part of each of the vanes that appears from and
disappears into the vane-housing unit 1s narrowed, for
example. In other words, unlike the swinging pendulums
(vanes) having the intermediate parts narrower than both
ends, a factor to reduce the pumping efficiency due to the
umque shape of the intermediate part can be removed.
Therefore, the highly-eflicient pumping function can be
provided to the o1l pump.

In the aforementioned o1l pump 1n which the outer rotor
includes the multiple outer rotor pieces, the outer rotor
pieces each have engaging pieces engageable with each
other in the circumiferential direction 1n a state where the
adjacent outer rotor pieces overlap each other 1n the radial
direction, and the engagement spaces constituting the sec-
ond volume-changing parts are configured to change the
second volume by the change 1n a distance between the
engaging pieces 1n the circumierential direction 1n response
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to the amount of overlap of the engaging pieces. According
to this structure, the second volume of the engagement
spaces can be easily increased or decreased 1n response to
the amount of overlap of the engaging pieces overlapping
cach other, and hence the outer rotor (second volume-
changing parts) can easily perform the pumping function.

In the aforementioned o1l pump in which the cam region
includes the first cam region, the second cam region, and the
third cam region, the first cam region, the second cam
region, and the third cam region are preferably continuously
provided, and the cam engaging part of the rotor-housing
unit 1s preferably configured to be moved 1n the first direc-
tion by sliding along at least the second cam region and the
third cam region following the movement of the spool
member. According to this structure, the rotor-housing unit
can be moved 1n the first direction while engaging with the
cam region (the second cam region and the third cam region)
so as to follow the cam shape of the cam region when the
spool member 1s moved in one direction of the second
direction, and hence based on the first cam region corre-
sponding to the case where the discharge pressure of the o1l
from the discharge port 1s within the first pressure range, the
eccentricity of the mner rotor can be smoothly decreased 1n
the case of the second cam region, and the eccentricity of the
inner rotor can be smoothly increased from the decreased
state 1n the case of the third cam region.

In the aforementioned o1l pump according to the aspect,
there 1s preferably a hysteresis error between the character-
1stics of the eccentricity of the inner rotor resulting from
movement of the rotor-housing unit 1n the first direction in
response to the change 1n the amount of protrusion of the
cam region generated when the cam member 1s linearly
moved in one direction of the second direction and the
characteristics of the eccentricity of the inner rotor resulting
from the movement of the rotor-housing unit in the first
direction in response to the change 1n the amount of pro-
trusion of the cam region generated when the cam member
1s linearly moved in another direction of the second direction
opposite to one direction. According to this structure, even
when the discharge pressure of the oil from the discharge
port repeatedly fluctuates up and down at short time inter-
vals, the characteristics of the eccentricity of the mnner rotor
have the hysteresis error in response to the movement
direction of the cam member, and hence generation of the
phenomenon (chattering phenomenon) where the linear
movement of the cam member 1n one direction and another
direction of the second direction following the frequent
up-and-down fluctuation of the discharge pressure and the
wiggle back-and-forth movement of the rotor-housing unit
in the first direction based on this are frequently repeated can
be avoided in the o1l pump. Therelore, even when the
discharge pressure of the o1l from the discharge port repeat-
edly fluctuates up and down at the short time intervals, the
eccentricity of the inner rotor does not vary 1n a fluctuating
manner, and hence the o1l can be stably discharged.

In the aforementioned oil pump further including the
rotor-housing unit and the cam member, at least part of the
o1l suctioned into the suction port 1s supplied to the cam
region of the cam member. According to this structure, when
the rotor-housing unmit 1s moved in the first direction through
the cam region provided in the cam member, the oil, the
pressure of which i1s decreased to below the discharge
pressure, 1s easily drawn into the cam region so that a part
of the rotor-housing unit coming into contact with the cam
region can be smoothly moved, and hence cam operation for
moving the rotor-housing unit in the first direction can be
smoothly performed by the cam member. Thus, the smooth
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discharge pressure characteristics accurately following the
discharge pressure of the oil from the discharge port can be
obtained.

Fftect of the Invention

According to the present invention, as hereinabove
described, the o1l pump capable of sufliciently increasing the
net rate of discharge of the o1l per unit rotation can be
provided.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 An exploded perspective view showing the struc-
ture of a pump element 1n an o1l pump according to a first
embodiment of the present invention.

FIG. 2 A diagram showing the internal structure of the o1l
pump according to the first embodiment of the present
invention.

FIG. 3 A front elevational view showing the structure of
an outer rotor piece (single 1tem) constituting the oil pump
according to the first embodiment of the present invention.

FIG. 4 A top plan view showing the structure of the outer
rotor piece (single item) constituting the o1l pump according
to the first embodiment of the present invention.

FIG. 5 A top plan view showing engagement between
adjacent outer rotor pieces 1n an outer rotor constituting the
o1l pump according to the first embodiment of the present
invention.

FIG. 6 A perspective view showing the engagement
between the adjacent outer rotor pieces in the outer rotor
constituting the o1l pump according to the first embodiment
of the present invention.

FIG. 7 A diagram showing the internal structure of the o1l
pump according to the first embodiment of the present
invention.

FIG. 8 A diagram for illustrating the operation of the oil
pump according to the first embodiment of the present
ivention.

FIG. 9 A diagram for illustrating the operation of the o1l
pump according to the first embodiment of the present
invention.

FIG. 10 A diagram showing the internal structure of an o1l
pump according to a second embodiment of the present
invention.

FIG. 11 A front elevational view showing the structure of
an outer rotor piece (single 1tem) constituting the oil pump
according to the second embodiment of the present inven-
tion.

FIG. 12 A top plan view showing the structure of the outer
rotor piece (single item) constituting the o1l pump according
to the second embodiment of the present invention.

FIG. 13 A diagram showing engagement between adja-
cent outer rotor pieces in an outer rotor constituting the oil
pump according to the second embodiment of the present
invention.

FIG. 14 A diagram showing the internal structure of the
o1l pump according to the second embodiment of the present
invention.

FIG. 15 A sectional view showing the overall structure of
an o1l pump according to a third embodiment of the present
invention.

FIG. 16 A perspective view partially showing the internal
structure of a pump-housing unit of a pump body constitut-
ing the o1l pump according to the third embodiment of the
present invention.
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FIG. 17 A perspective view showing the structure of a
spool member constituting the o1l pump according to the
third embodiment of the present invention.

FIG. 18 A diagram {for 1llustrating the operation of the o1l
pump according to the third embodiment of the present
invention.

FIG. 19 A diagram {for 1llustrating the operation of the o1l
pump according to the third embodiment of the present
invention.

FI1G. 20 A diagram for illustrating the operation of the o1l
pump according to the third embodiment of the present
invention.

FI1G. 21 A diagram for illustrating the operation of the o1l
pump according to the third embodiment of the present
invention.

FIG. 22 A diagram showing the characteristics (engine
rotational speed-discharge pressure characteristics) of the o1l
pump according to the third embodiment of the present
invention and the characteristics (engine rotational speed-
discharge pressure characteristics) of an o1l pump as a
comparative example to the third embodiment.

FIG. 23 A diagram for illustrating that the characteristics
of the o1l pump according to the third embodiment of the
present mvention have a hysteresis error.

FI1G. 24 A sectional view showing the overall structure of
an o1l pump according to a fourth embodiment of the present
invention.

FIG. 25 A diagram showing the characteristics (engine
rotational speed-discharge pressure characteristics) of the o1l
pump according to the fourth embodiment of the present
invention and the characteristics (engine rotational speed-
discharge pressure characteristics) of the o1l pump as the
comparative example to the third embodiment.

FIG. 26 A top plan view showing the structure of an outer
rotor piece (single item) constituting a pump element 1n an
o1l pump according to a modification of the present inven-
tion.

MODES FOR CARRYING OUT TH.
INVENTION

(L]

Embodiments of the present imvention are hereinafter
described on the basis of the drawings.

First Embodiment

The structure of an o1l pump 100 according to a first
embodiment of the present mvention 1s now described with
reference to FIGS. 1 to 7. In FIGS. 1 and 2, main compo-
nents constituting the o1l pump 100 are denoted by reference
numerals, and 1n FIGS. 3 to 7, the detailed configuration
(structure) of the o1l pump 100 1s denoted by reference
numerals.

The o1l pump 100 according to the first embodiment of the
present invention includes an inner rotor 10, an outer rotor
20, and six vanes 30 connecting the inner rotor 10 and the
outer rotor 20, as shown in FIG. 1. The 1nner rotor 10, the
outer rotor 20, and the six vanes 30 constitute a pump
clement 35 having a pumping function.

The o1l pump 100 also includes a housing 40 made of an
iron-based metal material, housing the annular outer rotor 20
such that the outer rotor 20 1s rotatable along arrow Q2 and
a pump body (casing) 50 made of an aluminum alloy,
housing the housing 40 such that the housing 40 1s movable
(in a direction Y), as shown in FIG. 2. In FIG. 1, illustration
of the housing 40 housing the outer rotor 20 and the pump
body 50 (see FIG. 2) 1s omitted 1n order to show the internal
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structure of the o1l pump 100. The o1l pump 100 1s mounted
on an unshown internal combustion (engine) or the like, for
example, and 1n this case, the o1l pump 100 has a function
of supplying o1l (lubricating o1l) 1 (see FIG. 2) 1n an o1l pan
around pistons and to a movable part (slide part) such as a
crankshaft.

As shown 1n FIG. 2, the o1l pump 100 includes a suction
port 52 that suctions the o1l 1 and a discharge port 33 that
discharges the o1l 1. The suction port 52 and the discharge
port 53 are formed behind (the rear side of the plane of the
figure) the housing 40 1n the pump body 50. The o1l pump
100 further includes an unshown cover covering the pump
body 50 from the front side of the plane of the figure. Thus,
s1X volume chambers 61 surrounded by the inner rotor 10,
the outer rotor 20, and the six vanes 30, respectively, are
formed 1n the pump body 50 closed by the cover. Each of the
volume chambers 61 has a volume V1. As described later,
the volume V1 i1s increased or decreased in response to
changes (enlargement or shrinkage) in the shapes of the
volume chambers 61 resulting from expansion and contrac-
tion (slide) of the vanes 30 during the operation of the o1l
pump 100. The volume chambers 61 are examples of the
“first volume-changing part” 1n the present invention. The
volume V1 1s an example of the “first volume™ 1n the present
invention.

The structure of the pump element 35 1s now described.
The operation of the o1l pump 100 1s described later in detail.

The 1nner rotor 10 made of an iron-based metal material
includes a shait hole 11 1n a central part serving as a rotation
center R, as shown in FIGS. 1 and 2. An unshown drive shaft
1s connected to the shaft hole 11 so that the inner rotor 10 1s
rotated 1n one direction (along arrow (Q2) 1n a state where the
position of the rotation center R 1s {ixed. In the o1l pump 100,
the crankshatt of the internal combustion (engine) 1s used as
a drive source for the imner rotor 10. The iner rotor 10
includes a vane-housing unit 12 provided along the outer
periphery of the mner rotor 10.

The vane-housing unit 12 includes six recess parts 12a
extending 1n a radial direction from the outer periphery of
the inner rotor 10 toward the shait hole 11 (rotation center
R). The term “radial direction” described here denotes a
direction along a radius of rotation when the inner rotor 10
1s rotated about the rotation center R. Each of the recess parts
12a has a prescribed depth 1n the radial direction, and the
recess parts 12a are arranged at equal angular intervals
(60-degree 1intervals) about the shaft hole 11. The recess
parts 12a extend 1n the form of a groove along a direction X
from an end surface of the mner rotor 10 on one side (X2
side) to an end surface of the mner rotor 10 on another side
(X1 side). Awidth W (see FIG. 7) of each of the recess parts
12a slidably holding the vanes 30 from an inner wall surface
on one side extending in the direction X to an inner wall
surface on another side opposed to the inner wall surface on
one side 1s constant. The mner rotor 10 has a prescribed rotor
width L (see FIG. 1) along the direction X. The rotor width
L 1s equal to the lengths (widths) of the outer rotor 20 and
the housing 40 1n the direction X.

The outer rotor 20 made of an aluminum alloy includes
s1x outer rotor pieces 21, as shown 1n FIG. 2. The outer rotor
pieces 21 are sequentially connected to (engage with) each
other 1n a circumierential direction. Thus, the outer rotor 20
1s configured to be rotated along arrow (Q2 with respect to
the housing 40 1n a state where the outer rotor pieces 21 are
annularly connected to each other along the inner peripheral
surface 40a of the housing 40.

The outer rotor pieces 21 each include a first engaging
piece 21a, a second engaging piece 21b, a third engaging
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piece 21¢, and a fourth engaging piece 21d, each of which
1s formed 1n an arcuate shape, as shown 1n FIG. 3. The outer
rotor pieces 21 each further include a base 21e extending in
an axial direction (direction X), and base parts of the first
engaging piece 21a and the fourth engaging piece 214 on a
Q2 side, extending 1n the axial direction (direction X), are
connected to the base 21e from a Q1 side. Furthermore, base
parts of the second engaging piece 215 and the third engag-
ing piece 21c on the Q1 side, extending 1n the axial direction
(direction X), are connected to the base 21e from the Q2
side. In this description, the Q1 side and the Q2 side
correspond to a first side and a second side of the outer rotor
pieces 21 1n the circumierential direction, respectively.
Therefore, each of the outer rotor pieces 21 1s a unitary
monolithic component 1n which the first engaging piece 21a
to the fourth engaging piece 214 have such a shape that an
arcuate wing 1s spread in the circumierential direction (along
arrow Q1 and arrow Q2) about the base 21e. The base 21e
1s an example of the “vane-connecting part” in the present
invention.

When one outer rotor piece 21 1s viewed along arrow 71
from above (72 side) 1n FIG. 3, the first engaging piece 21a
and the third engaging piece 21¢ arranged diagonally to each
other about the base 21e are arranged outside (the front side
of the plane of the figure) 1n the radial direction 1n the outer
rotor piece 21, as shown 1 FIG. 4. On the other hand, the
second engaging piece 215 and the fourth engaging piece
21d arranged diagonally to each other are arranged inside
(the rear side of the plane of the figure) in the radial direction
relative to the first engaging piece 21a and the third engag-
ing piece 21c. Therefore, the first engaging piece 21a to the
fourth engaging piece 21d are arranged alternately (stag-
geredly) along the radial direction as outside, 1nside, outside,
and 1nside in the radial direction in this order. As shown 1n
FIG. 2, an outer surface 3 of each of the first engaging piece
21a and the third engaging piece 21c¢ 1s slid 1n the circum-
terential direction (along arrow Q) through an o1l film 1a
with respect to the inner peripheral surface 40a of the
housing 40.

When the outer rotor pieces 21 1n which the first engaging,
piece 21a to the fourth engaging piece 214 have a staggered
structure are connected to each other, as shown 1n FIG. 5, the
first engaging piece 21a of each of the outer rotor pieces 21
on the Q2 side engages with the second engaging piece 215b
of each of the outer rotor pieces 21 on the Q1 side so as to
cover the second engaging piece 215 from the outside (on
the front side of the plane of the figure) in the radial
direction. The fourth engaging piece 21d of each of the outer
rotor pieces 21 on the Q2 side engages with the third
engaging piece 21c¢ of each of the outer rotor pieces 21 on
the Q1 side so as to crawl 1nto the inside (the rear side of the
plane of the figure) of the third engaging piece 21c¢ 1n the
radial direction. More specifically, the inner surface 2 of the
first engaging piece 21a relatively on the Q2 side, located on
the 1nside in the radial direction, and the outer surface 3 of
the second engaging piece 215 adjacent relatively in a
direction Q1, located on the outside 1n the radial direction,
come 1nto contact (surface contact) with each other. The
outer surface 3 of the fourth engaging piece 21d relatively on
the Q2 side, located on the outside 1n the radial direction,
and the inner surface 2 of the thuird engaging piece 21c
adjacent relatively 1n the direction (Q1, located on the nside
in the radial direction, come into contact (surface contact)
with each other.

Therefore, the first engaging piece 21a and the fourth
engaging piece 214 of the outer rotor piece 21 on the Q2 side
and the second engaging piece 215 and the third engaging
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piece 21c of the outer rotor piece 21 adjacent on the Q1 side
to this outer rotor piece 21 are alternately combined along a
rotor width direction (direction X), as shown 1n FIGS. 5§ and
6. The 1inner surface 2 and the outer surface 3 of each of the
first engaging piece 21a and the fourth engaging piece 21d
on the Q2 side and the second engaging piece 215 and the
third engaging piece 21¢ on the Q1 side sequentially repeti-
tively engage with each other in the outer rotor pieces 21
adjacent along a direction Q). In this manner, the six outer
rotor pieces 21 are annularly (circumierentially) connected
to each other, whereby the outer rotor 20 (see FIG. 2) 1s
configured.

The first engaging piece 21a to the fourth engaging piece
21d each are formed 1n the arcuate shape, and hence an
overlapping margin (engagement area) of the adjacent outer
rotor pieces 21 in the circumierential direction (along arrow
Q) can be icreased or decreased along arrow Q1 or arrow
Q2 1n a prescribed range (a length range of each of the pieces
in the circumierential direction). In FIG. 6, the outer rotor
pieces 21 adjacent to each other are viewed from a side on
which the inner rotor 20 (see FI1G. 2) 1s arranged. Therelore,
in the outer rotor 20 incorporated in the housing 40 (see FIG.
2), engagement between the adjacent outer rotor pieces 21 1s
maintained while a distance (engagement area) between the
adjacent outer rotor pieces 21 1n the circumierential direc-
tion (along arrow () 1s 1increased or decreased in the
prescribed range.

According to the first embodiment, engagement spaces 5
to 8 described below are formed between the outer rotor
pieces 21 adjacent to each other along arrow Q.

Specifically, one engagement space 3 that enables
increase and decrease (expansion and contraction) 1n volume
1s formed on the side of the outer surface 3 of the second
engaging piece 215 by engagement between the first engag-
ing piece 21a of one outer rotor piece 21 on the Q2 side and
the second engaging piece 2156 of the outer rotor piece 21
adjacent on the Q1 side, as shown i1n FIGS. 5 and 6. The
engagement space 5 1s a space formed between the outer
surface 3 of the second engaging piece 215 and the inner
peripheral surface 40a (see FIG. 2) of the housing 40 that
faces this. The engagement space S 1s located on the Q1 side
(first side) between two adjacent vanes 30, as shown 1n FIG.
7. Simultaneously, one engagement space 6 that enables
increase and decrease (expansion and contraction) 1n volume
1s formed on the side of the inner surface 2 of the first
engaging piece 21a. The engagement space 6 1s a space
directly exposed to the side of the mmner rotor 10 (see FIG.
2). The engagement space 6 1s located on the Q2 side
(second side) between the two adjacent vanes 30. The
engagement spaces 5 and 6 are examples of the “first
engagement space” and the “second engagement space™ 1n
the present invention, respectively.

In a connection part between the base 21e and the second
engaging piece 215, one notch part 21f1s formed. The notch
part 21/1s formed by partially notching the second engaging
piece 21b 1n a groove shape along a thickness direction to
have a prescribed length (depth) in the axial direction
(direction X) from an end of the base 21e on one side (X2
side). Thus, the side of the inner surface 2 of the second
engaging piece 215 communicates with the side of the outer
surface 3 of the second engaging piece 215. Thus, according
to the first embodiment, the engagement space 5 located on
the side of the outer surface 3 of the outer rotor 20 and a
volume chamber 61 surrounded by the inner rotor 10, the
outer rotor 20, and the two adjacent vanes 30 communicate
with each other through the notch part 21/, as shown 1n FIG.
7. The volume of the notch part 211 1s preferably as small as
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possible relative to the engagement space 5 1n a range where
the o1l 1 easily flows. The notch part 21f1s an example of the
“oroove part” 1n the present invention.

In the outer rotor 20, another similar structure exists. As
shown 1 FIGS. 5 and 6, one engagement space 7 that
enables increase and decrease (expansion and contraction) 1n
volume 1s formed on the side of the outer surface 3 of the
fourth engaging piece 214 by engagement between the
fourth engaging piece 214 of one outer rotor piece 21 on the
Q2 side and the third engaging piece 21c¢ of the outer rotor
piece 21 adjacent on the Q1 side. The engagement space 7
1s a space formed between the outer surface 3 of the fourth
engaging piece 214 and the inner peripheral surtface 40a (see
FIG. 2) of the housing 40 that faces this. The engagement
space 7 1s located on the Q2 side (second side) between two
adjacent vanes 30, as shown 1n FIG. 7. Stmultaneously, one
engagement space 8 that enables increase and decrease
(expansion and contraction) in volume 1s formed on the side
of the mmner surface 2 of the third engaging piece 21c. The
engagement space 8 1s a space directly exposed to the side
of the mnner rotor 10. The engagement space 8 1s located on
the Q1 side (first side) between the two adjacent vanes 30.
The engagement spaces 7 and 8 are examples of the “second
engagement space” and the “first engagement space” in the
present mvention, respectively.

In an end 1n which the first engaging piece 21a and the
fourth engaging piece 214 face each other in the axial
direction (direction X), one notch part 21g extending from
an end on the Q1 side to the base 21e along the circumier-
ential direction (along arrow Q) 1s formed. The notch part
21g 1s formed by partially notching the fourth engaging
piece 21d 1n a groove shape along the thickness direction in
a state where the notch part 21¢g has a prescribed width 1n the
direction X. Thus, the side of the inner surface 2 of the first
engaging piece 21a communicates with the side of the outer
surface 3 of the fourth engaging piece 21d. Thus, according
to the first embodiment, the engagement space 7 located on
the side of the outer surface 3 of the outer rotor 20 and a
volume chamber 61 (see FIG. 7) surrounded by the inner
rotor 10, the outer rotor 20, and the two adjacent vanes 30
communicate with each other through the notch part 21g, as
shown 1 FIG. 6. The volume of the notch part 21g 1s
preferably as small as possible relative to the engagement
space 7 1n a range where the o1l 1 easily flows. The notch
part 21¢g 1s an example of the “groove part” in the present
invention.

As can be seen 1n FIG. 6, the engagement spaces 6 and 8
are arranged on the side of the inner surface 2 1n the radial
direction of the rotation of the outer rotor 20, and hence the
engagement spaces 6 and 8 are substantially connected to
(communicate with) the volume chamber 61 (see FIG. 7).

One volume chamber 62 having a volume V2 1s formed
between the outer rotor pieces 21 engaging with each other
by the aforementioned engagement spaces 5, 6, 7, and 8.
More specifically, the total volume of the engagement spaces
5 to 8 corresponds to the volume V2. The engagement
spaces 6 and 8 substantially communicate with the volume
chamber 61, but are described distinctively from the volume
chamber 61 as engagement spaces, the sizes of which can be
increased or decreased, formed on the side of the outer rotor
20. The volume chamber 62 1s configured such that the
operations of increasing or decreasing the volumes of the
engagement spaces 3 to 8 are synchromized following an
increase or decrease 1n the overlapping margin (engagement
area) of the adjacent outer rotor pieces 21 1n the circumier-
ential direction (along arrow Q) 1n the prescribed range.
More specifically, when the adjacent outer rotor pieces 21
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are displaced in a direction away from each other, the
“overlapping margin” 1s decreased, and the volume V2 of
the engagement spaces 5 to 8 1s monotonically increased.
When the adjacent outer rotor pieces 21 are displaced 1n a
direction toward each other, the “overlapping margin™ 1s
increased, and the volume V2 of the engagement spaces 5 to
8 1s monotonmically decreased. The operations of increasing
or decreasing the volumes of the engagement spaces 5 to 8
serve the pumping function of the outer rotor 20 described
later. The volume chamber 62 is an example of the “second
volume-changing part” in the present invention. The volume
V2 1s an example of the “second volume” in the present
ivention.

As shown 1n FIG. 3, the base 21e of each of the outer rotor
pieces 21 1s formed with an engaging part 21/~ having a
prescribed 1nner diameter, formed by partially notching the
inside 1n the radial direction 1n an arcuate shape (C shape).
As shown 1n FIG. 4, the engaging part 21/ linearly extends
from the end of the base 21e on one side (X2 side) to an end
of the base 21e on another side (X1 side) along the axial
direction, and the engaging part 21/ passes through the base
21e 1n the axial direction (direction X). More specifically,
the length of the engaging part 21/ 1n the direction X 1s equal
to the width (the rotor width L of the mner rotor 10) of each
of the vanes 30. The engaging portion 21/ 1s an example of
the “vane-connecting part” in the present ivention.

As shown 1in FIGS. 3 and 4, on the outer surface 3 of each
of the outer rotor pieces 21 located on the outside in the
radial direction, a side end 21/ of the first engaging piece 21a
opposite (Q1 side) to the base 21e, a side end 21% of the third
engaging piece 21¢ opposite (Q2 side) to the base 21e, and
a side end 21m of the base 21e on the Q2 side each have a
slightly tapered shape by reducing a thickness 1n the radial
direction. Thus, when the outer rotor 20 1n which the six
outer rotor pieces 21 are combined rotates along the inner
peripheral surface 40a of the housing 40, the o1l 1 (see FIG.
2) 1s easily drawn 1nto a small gap between the outer surface
20a of the outer rotor 20 and the inner peripheral surface 40q
of the housing 40. Therefore, according to the first embodi-
ment, the outer rotor 20 1s configured to rotate 1n the housing
40 1n a state where the thin o1l film 1a 1s formed on the outer
surface 20a of the outer rotor 20, as shown 1n FIGS. 2 and
7.

The vanes 30 made of an aluminum alloy each have a base
31 and a tip end 32, as shown 1n FIG. 7. The base 31 has a
slightly narrow part formed by reducing a thickness T on the
side of the tip end 32, and the tip end 32 1s integrally
connected to a tip of this narrow part. The base 31 has a base
part 31a. The vanes 30 are configured to be inserted into the
recess parts 12a (vane-housing umt 12) of the mner rotor 10
from the side of the base part 31a. The base 31 1s an example
of the “part housed in the vane-housing unit” in the present
invention.

According to the first embodiment, the thickness T of the
base 31 1s constant along the radial direction (the movement
direction of the vanes 30). The width W of one recess part
12a 1s slightly larger than the thickness T of the base 31, and
the outer surface of the base 31 extending 1n the direction X
1s smoothly shid (slidingly moved) with respect to the inner
surface of the recess part 12a extending in the direction X
along the radial direction of rotation. More specifically, the
multiple vanes 30 are arranged in the recess parts 12a of the
vane-housing unit 12 of the inner rotor 10 so as not to swing
in the circumierential direction (along arrow Q), which 1s the
rotation direction of the inner rotor 10 but so as to be capable
of sliding along with the protrusion of tip ends 32 from the
recess parts 12a to the outside 1n the radial direction and the
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retraction of base parts 31a opposite thereto toward the
recess parts 12a on the iside 1n the radial direction.

According to the first embodiment, one volume chamber
63 having a volume V3 1s formed 1n the vane-housing unit
12 of the inner rotor 10 by the recess part 12a and the base
part 31a of the vane 30. The vane 30 1s slid to freely appear
from and disappear into the recess part 12a, whereby the
volume V3 of the volume chamber 63 is increased or
decreased. In other words, the volume V3 1s increased when
the vane 30 (tip end 32) jumps out of the recess part 12a, and
the volume V3 1s decreased when the vane 30 (base part 31a)
1s drawn 1nto the recess part 12a. The volume chamber 63 1s
an example of the “third volume-changing part” 1n the
present mvention. The volume V3 i1s an example of the
“third volume™ 1n the present invention.

The tip end 32 of the vane 30 1s rounded, and the tip end
32 1s configured to be fitted into the engaging part 21/
formed 1n the base 21e of the outer rotor piece 21. The
cross-sectional area of the engaging part 217 1s slightly
larger than the cross-sectional area of the tip end 32, and the
outer peripheral surface of the tip end 32 is connected to
(engages with) the mner peripheral surface of the engaging
part 212 with a slight airspace. Thus, the vane 30 1s
configured to be capable of sliding with respect to the recess
part 12a of the mner rotor 10 1n the radial direction regard-
less of a connection angle between the vane 30 and the outer
rotor piece 21. Furthermore, the outer rotor 20 1s configured
to be rotatable in the housing 40 while maintaining an
annular shape as a whole regardless of the connection angle
between the vane 30 and the outer rotor piece 21 also on the
side of the outer rotor pieces 21 annularly connected to each
other.

Inside the inner rotor 10, a communication passage 13
(shown by a broken line 1n FIG. 2) configured to allow the
volume chamber 63 formed by the recess part 12aq and the
base part 31a of the vane 30 and the volume chamber 6
surrounded by the 1nner rotor 10, the outer rotor 20, and the
two adjacent vanes 30 to communicate with each other 1s
tformed. Thus, according to the first embodiment, one vol-
ume chamber 61 located between the adjacent vanes 30, the
volume chamber 62 formed between the outer rotor pieces
21 engaging with each other 1n the circumierential direction
(along arrow Q) 1n this part, and the volume chamber 63 1n
the vicinity of the volume chamber 61 are configured to
communicate with each other. More specifically, six volume
chambers, each of which has a set of these volume chambers
61 to 63, are formed 1n a state where the volume chambers
are zoned around the inner rotor 10.

The 1nner rotor 10, the outer rotor 20, and the vanes 30
constituting the pump element 35 (see FIG. 1) are configured
as described above, whereby each component 1s 1ncorpo-
rated in the oil pump 100, as described below. More spe-
cifically, in a state where both the inner rotor 10 and the
outer rotor 20 1 which the six outer rotor pieces 21 are
annularly connected to each other are arranged 1n the hous-
ing 40, the base 31 of each of the vanes 30 1s shdingly
inserted into the recess part 12a (vane-housing umt 12) of
the iner rotor 10 along the direction X while the tip end 32
of each of the vanes 30 1s fitted into the engaging part 21/
ol each of the outer rotor pieces 21 along the direction X, as
shown 1n FIG. 2. Furthermore, the six vanes 30 are fitted
similarly so that the inner rotor 10 and the outer rotor 20 are
connected to each other through the vanes 30. Then, the
unshown cover covers the pump body 50 to close the same.
When the mner rotor 10 1s rotated along arrow Q2 by the
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drive source (crankshait), the outer rotor 20 1s also rotated
along the same arrow Q2 as the inner rotor 10 through the
s1x vanes 30.

FIG. 2 shows a state where the rotation center R of the
inner rotor 10 and the rotation center U of the outer rotor 20
completely coincide with each other. In this case, the tip end
32 of each of the vanes 30 protrudes from the recess part 12a
(vane-housing unit 12) toward the outer rotor piece 21 by the
same amount. Therefore, even when the inner rotor 10 1s
rotated, each of the vanes 30 1s rotationally moved without
changing the amount of protrusion and only allows the outer
rotor 20 to be rotated 1n an accompanying manner, and hence
the o1l pump 100 does not perform the pumping function
described later.

The housing 40 holding the outer rotor 20 1s moved by a
prescribed amount 1n the direction Y (along arrow Y1 or
Y2). Thus, the rotation center U of the outer rotor 20 1s
eccentric 1n a transverse direction (along arrow Y1 or Y2)
relative to the rotation center R of the mner rotor 10. In this
case, the tip end 32 of each of the vanes 30 protrudes from
the recess part 12a (vane-housing unit 12) toward the outer
rotor piece 21 by an amount 1n response to eccentricity in
cach rotational position along arrow Q2, as shown 1n FIG. 7.
Therefore, each of the vanes 30 1s rotationally moved while
appearing from and disappearing into the recess part 12q
along with the rotation of the mner rotor 10 and allows the
outer rotor 20 to be rotated 1n an accompanying manner.
Thus, the o1l pump 100 1s configured to operate with the
pumping function.

The operation of the o1l pump 100 according to the first
embodiment 1s now described with reference to FIGS. 2 and
6 to 9.

When the mner rotor 10 1s first rotated along arrow 2,
the outer rotor 20 1s also rotated through the six vanes 30
along the same arrow Q2 as the inner rotor 10, as shown 1n
FIG. 2. Then, the housing 40 holding the outer rotor 20 is
moved along arrow Y1 on the basis of prescribed control
operation, as shown in FIG. 8, whereby the rotation center
U of the outer rotor 20 1s eccentric in the transverse direction
(direction Y1) with respect to the rotation center R of the
iner rotor 10.

According to the first embodiment, when the outer rotor
20 1s rotated along arrow Q2 with prescribed eccentricity
with respect to the inner rotor 10, the o1l pump 100 operates
such that the volume chambers 61, 62, and 63 serve the
pumping function while changing their shapes (volumes) in
response to this eccentricity. More specifically, the o1l pump
100 performs the pumping function by changing (increasing
or decreasing) the volume V1 of the volume chamber 61, the
volume V2 of the volume chamber 62, and the volume V3
of the volume chamber 63 1n response to the eccentricity of
the outer rotor 20 with respect to the inner rotor 10.

The volume V1 of the volume chamber 61, the volume V2
of the volume chamber 62, and the volume V3 of the volume
chamber 63 are now individually described. The radial slide
position of the tip end 32 (see FIG. 7) of the vane 30 located
on the outside 1n the radial direction 1s changed 1n response
to the eccentricity of the outer rotor 20 with respect to the
inner rotor 10, following the rotational movement of the
outer rotor 20, whereby the volume chamber 61 repetitively
operates to increase or decrease 1ts volume V1. Specifically,
when each volume chamber 61 sequentially passes through
the vicinity of the suction port 52 (see FIG. 8) along arrow
Q2 in the pump body 50, the vane 30 gradually increases the
amount of protrusion of the tip end 32 (see FIG. 7) from the
recess part 12a (see FIG. 7) along the radial direction, as
shown 1 FIGS. 8 and 9. Due to the protrusion of the tip end
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32, a distance in the circumierential direction (along arrow
Q) between the adjacent outer rotor pieces 21 surrounding
one volume chamber 61 1s gradually increased. Thus, the
volume V1 of the volume chamber 61 1s gradually increased.
When each volume chamber 61 sequentially passes through
the vicinity of the discharge port 33 (see FIG. 8) along arrow
Q2 in the pump body 50, on the other hand, the vane 30
gradually increases the amount of insertion of the base part
31a (see FIG. 7) into the recess part 12a (see FIG. 7) along
the radial direction. Due to the 1nsertion of the base part 31a,
the distance 1n the circumierential direction (along arrow Q)
between the adjacent outer rotor pieces 21 surrounding one
volume chamber 61 1s gradually decreased. Thus, the vol-
ume V1 of the volume chamber 61 1s gradually decreased.

The radial slide position of the tip end 32 of the vane 30
located on the outside 1n the radial direction 1s changed 1n
response to the eccentricity of the outer rotor 20 with respect
to the mner rotor 10, following the rotational movement of
the outer rotor 20, whereby the volume chamber 62 repeti-
tively operates to increase or decrease its volume V2.
Specifically, when each volume chamber 62 sequentially
passes through the vicinity of the suction port 52 (see FIG.
8) along arrow (Q2, the amount of protrusion of the vane 30
1s 1ncreased, and the adjacent outer rotor pieces 21 are
displaced in the direction away from each other so that the
distance between the outer rotor pieces 21 1n the circumier-
ential direction (along arrow Q) 1s gradually increased.
Thus, the volume V2 of the volume chamber 62 including
the engagement spaces 3 to 8 1s gradually increased. When
cach volume chamber 62 sequentially passes through the
vicinity of the discharge port 53 along arrow 2, on the
other hand, the amount of insertion of the vane 30 1s
increased, and the adjacent outer rotor pieces 21 are dis-
placed 1n the direction toward each other so that the distance
in the circumierential direction (along arrow Q) between the
outer rotor pieces 21 1s gradually decreased. Thus, the
volume V2 of the volume chamber 62 including the engage-
ment spaces 5 to 8 1s gradually decreased.

The multiple vanes 30 are slid 1n the radial direction in
response to the eccentricity of the outer rotor 20 with respect
to the inner rotor 10, whereby the volume chamber 63
repetitively operates to increase or decrease its volume V3
in the vane-housing unit 12 of the inner rotor 10. Specifi-
cally, when each volume chamber 63 sequentially passes
through the vicinity of the suction port 52 (see FIG. 8) along
arrow 2, the amount of protrusion of the vane 30 1is
increased, and the volume V3 of the volume chamber 63 1s
gradually increased. When each volume chamber 63 sequen-
tially passes through the vicinity of the discharge port 353
along arrow (Q2, on the other hand, the amount of 1nsertion
of the vane 30 1s increased, and the volume V3 of the volume
chamber 63 i1s gradually decreased. FIG. 9 shows a state
where the 1nner rotor 10 and the outer rotor 20 are rotated by
about 30 degrees along arrow Q2 relative to FIG. 8.

In the o1l pump 100, one volume chamber 61 located
between the adjacent vanes 30, the volume chamber 62
(engagement spaces 5 to 8) formed between the outer rotor
pieces 21 engaging with each other in the circumierential
direction 1n this part, and the volume chamber 63 in the
vicinity of the volume chamber 61 communicate with each
other through the aforementioned notch part 21f (see FIG.
6), notch part 21g (see FIG. 6), and communication passage
13 (see FIG. 7), and enlargement and shrinkage thereotf are
synchronized. Thus, when passing through the vicinity of
the suction port 52, a set of the volume chambers 61 to 63
in terms of a tlow passage suctions the o1l 1 while increasing
their volume V1, volume V2, and volume V3. Then, when
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passing through the vicinity of the discharge port 33, a set of
the volume chambers 61 to 63 1n terms of a flow passage
discharges the o1l 1 while decreasing their volume V1,
volume V2, and volume V3. Pumping resulting from the
enlargement and shrinkage of the volume chambers 61 to 63
volumetrically integrated 1s implemented once per rotation
of the mner rotor 10.

The eccentricity of the outer rotor 20 with respect to the
inner rotor 10 1s adjusted to arbitrary magnitude according
to the movement position of the housing 40 (see FIG. 2).
More specifically, when the eccentricity 1s relatively small,
a pumping volume resulting from the enlargement and
shrinkage of the volume chambers 61 to 63 volumetrically
integrated 1s relatively small, and the rate of discharge of the
o1l 1 1s relatively small. When the eccentricity 1s relatively
large, the pumping volume resulting from the enlargement
and shrinkage of the volume chambers 61 to 63 volumetri-
cally integrated 1s relatively large, and the rate of discharge
of the o1l 1 1s relatively large.

In the o1l pump 100, a series of changes from the volume
decreased state of a set of volume chambers 61 to 63 to the
volume increased state of a set of volume chambers 61 to 63
and from the volume increased state of a set of volume
chambers 61 to 63 to the volume decreased state of a set of
volume chambers 61 to 63 in one rotation are sequentially
made along with 60 degree phase shifting for each set of
volume chambers. Thus, continuous pumping including
suction of the o1l 1 from the suction port 52 into a pump
main body and discharge of the o1l 1 from the discharge port
53 1s implemented. The drive force of the unshown drive
source rotates the inner rotor 10, and rotates the outer rotor
20 annularly connected outside the inner rotor 10 through
the vanes 30, following the rotation of the inner rotor 10. At
this time, the six outer rotor pieces 21 periodically change
their engagement states so that pumping i1s generated in the
outer rotor 20 (volume chamber 62). Furthermore, the drive
force of the drnive source slhidingly (back and forth) moves
the vanes 30 on the basis of the eccentricity of the outer rotor
20 with respect to the mner rotor 10 when rotating the inner
rotor 10 and the outer rotor 20. At this time, 1n addition to
moving the vanes 30 back and forth, pumping resulting from
enlargement and shrinkage of volume chambers 63 1s gen-
erated also 1n the recess parts 12a of the vane-housing unit
12.

Thus, 1n the o1l pump 100, all the deformation movement
of movable parts (space parts: volume chambers 61 to 63)
existing 1n the housing 40, deformed along with the rotation
of the mner rotor 10 1s converted to pumping. At this time,
the vanes 30 each having the unnarrowed base 31 and a
contact thickness T are used, and hence no minus factor
(wasted work) to increase the volume V1 inversely to the
volume chamber 63 1s generated 1n the volume chamber 61
during a decrease 1n the volume V3 of the volume chamber
63, and synchronous changes 1n the volumes of the volume
chambers 61 to 63 cilectively work on the pumping of the
entire o1l pump 100. As described above, the drive force of
the drive source input 1into the mner roto 10 1s utilized for the
deformation movement of the movable parts (volume cham-
bers 61 to 63). Therefore, 1n the o1l pump 100, a mechanism
in which the volume chambers 61 to 63 operate together
contributes to the maximum possible conversion of the drive
force of the drive source to pumping and the discharge of the
o1l 1. Particularly, the deformation movement of not only the
volume chambers 61 but also the volume chambers 62 and
63 1s incorporated 1n pumping, and hence the volume V2 of
the volume chamber 62 and the volume V3 of the volume
chamber 63 are eflectively added to the volume V1 of the




US 10,030,655 B2

21

volume chamber 61. This means that a net rate of discharge
of the o1l 1 per unit rotation 1s increased. The o1l pump 100
1s configured in the aforementioned manner.

According to the first embodiment, the following ellects
can be obtained.

More specifically, according to the first embodiment, as
hereinabove described, the o1l pump 100 includes the inner
rotor 10 that includes the vane-housing unit 12 (six recess
parts 12a) housing the six vanes 30 so as to be capable of
sliding 1n the radial direction, the outer rotor 20 that includes
s1X bases 21e connecting respective tip ends 32 of the six
vanes 30 on the outside 1n the radial direction, the volume
chambers 61, the volume V1 of which 1s changed 1in
response to the eccentricity of the inner rotor 10 with respect
to the outer rotor 20, thereby providing the pumping func-
tion, and the volume chambers 62, which are provided 1n the
outer rotor 20, and the volume V2 of which 1s changed by
the change 1n the distance between the adjacent bases 21e in
the circumierential direction 1n response to the eccentricity
of the imner rotor 10 with respect to the outer rotor 20,
thereby providing the pumping function. Thus, 1n addition to
the highly-etlicient pumping of the volume chambers 61
partitioned by the vanes 30, the pumping of the volume
chambers 62 newly provided in the outer rotor 20 can be
cllectively utilized. Therefore, the net rate of discharge of
the o1l 1 per umit rotation in the o1l pump 100 can be
suiliciently increased. Consequently, the pumping efliciency
of the o1l pump 100 can be improved.

According to the first embodiment, the pumping of the
volume chambers 62 on the side of the outer rotor 20 1s
added to the volume chambers 61 efliciently ensuring the
rate of discharge of the o1l 1, and hence the rate of discharge
of the o1l 1 can be efliciently increased. When compared at
the same rate of discharge, therefore, the oil pump 100 can
be reduced 1n size by reducing the rotor width L (see FIG.
1), and hence the mountability of the o1l pump 100 to the
internal combustion (engine) or the like can be improved.
Furthermore, the o1l pump 100 1s reduced 1n size so that a
mechanical loss during driving of the o1l pump 100 can be
reduced, and hence the load of the drive source driving the
o1l pump 100 1s reduced so that the energy can be saved.

According to the first embodiment, the o1l pump 100
further includes the volume chambers 63, the volume V3 of
which 1n the vane-housing unit 12 of the inner rotor 10 1s
changed by the slide of the multiple vanes 30 in the radial
direction 1n response to the eccentricity of the iner rotor 10
with respect to the outer rotor 20, thereby providing the
pumping function. Thus, the o1l pump 100 can be configured
to incorporate the change in the volume of the volume
chambers 63 1n the vane-housing unit 12 by the linear slide
of the vanes 30 1n the radial direction with respect to the
vane-housing unit 12 into the pumping including the suction
and discharge of the o1l 1 without 1ignoring the change 1n the
volume of the volume chambers 63 in addition to the
pumping ol the volume chambers 61 and the volume cham-
bers 62, and hence the pumping of the volume chambers 63
1s effectively added so that the rate of discharge of the o1l 1
per unit rotation that the oil pump 100 has can be further
increased. Consequently, the o1l pump 100 can be I

rurther
reduced 1n size. Furthermore, the vanes 30 linearly sliding in
the radial direction are used, and hence it 1s not necessary to
narrow an intermediate part of each of the vanes 30 that
appears from and disappears into the vane-housing unit 12
(recess part 12a). Therefore, no minus factor (wasted work)
to newly increase the volume (newly form volume cham-
bers) in parts on the side of the volume chambers 61 in the
vicinity of the volume chambers 63 1s generated during a
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decrease change in the volume V3 of the volume chambers
63, and hence the changes 1n the volumes of the volume
chambers 61 to 63 can effectively work on the pumping of
the entire o1l pump 100.

According to the first embodiment, the oil pump 100
turther includes the suction port 52 that suctions the o1l 1 and
the discharge port 53 that discharges the o1l 1. Furthermore,
the o1l pump 100 1s configured to gradually increase, in the
suction port 52, the volume V3 1n the vane-housing, unit 12
of the inner rotor 10 by the gradual slide of the vanes 30,
housed 1n the vane-housing unit 12, to the outside 1n the
radial direction and to gradually decrease, in the discharge
port 53, the volume V3 1n the vane-housing unit 12 of the
inner rotor 10 by the gradual slide of the vanes 30, housed
in the vane-housing unit 12, to the inside in the radial
direction. Thus, the change 1n the volume V3 generated by
repeating appearance (increase) from and disappearance
(decrease) into the vane-housing unit 12 (recess parts 12a)
along with back-and-forth linear movement of the vanes 30
to the outside and the inside in the radial direction can be
casily utilized as pumping. At this time, the drive force of the
o1l pump 100 (the drive force of the inner rotor 10) can be
converted to not only the change 1n the volume (volume V1)
of the volume chambers 61 and the change in the volume
(volume V2) of the volume chambers 62 following the slide
of the vanes 30 but also the change in the volume (volume
V3) of the volume chambers 63 following the slide of the
vanes 30, and hence the mechanical efliciency of the o1l
pump 100 can be improved without wasting the drive force.

According to the first embodiment, the thickness T of
cach of the bases 31 of the vanes 30 housed 1n the vane-
housing unit 12 1s constant. Thus, the vanes 30 each includ-
ing the base 31 housed in the vane-housing unit 12, the
thickness T of which 1s constant, are used, whereby the
vanes 30 can stably slide in the radial direction without
backlash in the vane-housing unit 12. Furthermore, no
backlash of the vanes 30 1s generated during back-and-forth
movement, and hence the airtightness can be improved
when the volume chambers 63 repeat theiwr enlargement
(increase) and shrinkage (decrease). Thus, the pumping
elliciency of the volume chambers 63 can be maintained at
a high level.

According to the first embodiment, the volume chambers
62 are configured to be capable of changing the volume V2
of the volume chambers 62 by the changes 1n the distances
between the multiple bases 21e of the outer rotor 20 in the
circumierential direction by the change in the radial slide
positions of the tip ends 32 of the vanes 30 on the outside in
the radial direction 1n response to the eccentricity of the
inner rotor 10 with respect to the outer rotor 20. Thus,
properly utilizing the displacement of the radial slide posi-
tions of the tip ends 32 of the vanes 30 on the outside 1n the
radial direction, the distances between the multiple bases
21e of the outer rotor 20 1n the circumierential direction can
be easily changed (increased and decreased). Thus, properly
utilizing the drive force of the vanes 30 in the radial
direction, the volume chambers 62 can perform the pumping
function.

According to the first embodiment, the outer rotor 20
includes the multiple outer rotor pieces 21, each of which 1s
provided for each of the multiple vanes 30, each including
the base 21e. Furthermore, the outer rotor 20 1s configured
such that the multiple outer rotor pieces 21 are circumier-
entially arranged 1n a state where the adjacent outer rotor
pieces 21 engage with each other so as to be capable of
changing the distance therebetween in the circumierential
direction (along arrow Q). Thus, properly utilizing the
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movement (expansion and contraction) of the adjacent outer
rotor pieces 21 away from and toward each other in the
circumierential direction (along arrow ), the volume cham-
bers 62 can perform the pumping function of repeating their
enlargement and shrinkage.

According to the first embodiment, the adjacent outer
rotor pieces 21 engage with each other 1n the circumierential
direction (along arrow Q) while having the engagement
spaces 3 to 8 constituting the volume chamber 62, and the
o1l pump 100 1s configured to change the volume V2 of the
engagement spaces 5 to 8 by the change 1n the distance
between the adjacent outer rotor pieces 21 1n the circum-
terential direction (along arrow Q). Thus, properly utilizing,
as the volume V2, the engagement spaces S to 8 generated
when the outer rotor pieces 21 engage with each other, the
volume chambers 62 can perform the pumping function of
repeating an increase and decrease in the volume V2.

According to the first embodiment, the outer rotor pieces
21 cach have the first engaging piece 21a to the fourth
engaging piece 21d engageable with each other in the
circumierential direction 1n a state where the adjacent outer
rotor pieces 21 overlap each other in the radial direction.
Furthermore, the outer rotor 20 1s configured to change the
volume V2 obtained by summing the engagement spaces 3
to 8 by the change in the distance between the engagement
spaces 5 and 6 partially constituting the volume chamber 62
in the circumierential direction in response to the amount of
overlap of the first engaging piece 21a and the second
engaging piece 215 and the change in the distance between
the engagement spaces 7 and 8 partially constituting the
volume chamber 62 1in the circumierential direction in
response to the amount of overlap of the third engaging
piece 21c and the fourth engaging piece 21d. Thus, the
volume V2 of the engagement spaces 5 to 8 can be easily
increased or decreased 1n response to the amounts of overlap
of the first engaging piece 21a to the fourth engaging piece
21d overlapping each other, and hence the outer rotor 20
(volume chambers 62) can easily perform the pumping
function.

According to the first embodiment, each of the outer rotor
pieces 21 1s provided with the notch part 21/ that allows the
engagement space 5 constituting the volume chamber 62 and
the volume chamber 61 to communicate with each other and
the notch part 21g that allows the engagement space 7
constituting the volume chamber 62 and the volume cham-
ber 61 to communicate with each other. Thus, the volume
chamber 61 having the volume V1 and the volume chamber
62 having the volume V2 are allowed to communicate with
cach other through the notch part 21/ and the notch part 21g,
and hence the o1l 1 can be suctioned 1nto both the volume
chamber 61 and the volume chamber 62 when the volume
chambers are enlarged. When the volume chambers are
shrunk, the o1l 1 can be discharged from both the volume
chamber 61 and the volume chamber 62.

According to the first embodiment, the outer rotor 20 1s
configured such that a set of the engagement spaces 5 to 8
includes the engagement spaces 5 and 8 located on the first
side (the Q1 side 1n FIG. 5) between the two adjacent vanes
30 and the engagement spaces 6 and 7 located on the second
side (the Q2 side 1n FIG. 5) between the two adjacent vanes
30. Thus, 1n the case where the generally annular (circum-
terential) outer rotor 20 1s configured by sequentially con-
necting the adjacent outer rotor pieces 21 to each other, each
ol the outer rotor pieces 21 can easily engage with an outer
rotor piece 21 adjacent on the first side (Q1 side) relative to
itself through the engagement spaces 35 and 8, and each of the
outer rotor pieces 21 can easily engage with an outer rotor

5

10

15

20

25

30

35

40

45

50

55

60

65

24

piece 21 adjacent on the second side ((Q2 side) relative to
itself through the engagement spaces 6 and 7.

According to the first embodiment, the outer rotor 20 1s
configured to gradually increase the volume V2 by a gradual
increase 1n the distance between the adjacent outer rotor
pieces 21 1n the circumierential direction (along arrow Q) in
the suction port 52 and to gradually decrease the volume V2
by a gradual decrease 1n the distance between the adjacent
outer rotor pieces 21 1n the circumierential direction (along
arrow Q) 1n the discharge port 53. Thus, the volume V2 of
cach of the volume chambers 62 can be increased or
decreased in synchronization with the timing of sequentially
passing through the suction port 52 or the discharge port 53
when the annular outer rotor 20 1s rotated, and hence the
volume chambers 62 can eflectively perform their pumping
function.

According to the first embodiment, the oil film 1a 1s
formed on the outer surface 20a of the outer rotor 20. Thus,
even when the outer rotor 20 includes the multiple bases 21e
and 1s configured to involve the change in 1ts shape causing
the change 1n the volume V2 of the volume chambers 62
resulting from the change in the distance between the
adjacent bases 21e 1n the circumierential direction, the o1l
film 1a 1s formed on the outer surtace 20a of the outer rotor
20 so that the annular outer rotor 20 mvolving this change
1n 1ts shape can be smoothly rotated 1n the housing 40 of the
o1l pump 100. Furthermore, due to this o1l film 1a, the
volume V2 of the volume chambers 62 can be smoothly
changed.

According to the first embodiment, the multiple vanes 30
are mounted on the recess parts 12q of the vane-housing unit
12 of the mner rotor 10 so as to be capable of sliding 1n the
radial direction without swinging 1n the circumierential
direction (along arrow Q). Thus, the vanes 30 can appear
from and disappear into the vane-housing unit 12 (recess
parts 12a) while linearly (one-dimensionally) sliding along,
the radial direction when the o1l pump 100 operates, and
hence 1t 1s not necessary to form, in the vanes 30, such a
umque shape that the bases 31 of the vanes 30 appearing
from and disappearing into the vane-housing unit 12 are
partially narrowed. Thus, unlike the structure of vanes
having intermediate parts narrower than both ends (tip ends
and base parts) and swinging, a factor to reduce the pumping
elliciency can be removed by using the vanes 30 each having
the unnarrowed base 31 and the contact thickness T. More
specifically, the highly-eflicient pumping function can be
provided to the volume chambers 61.

Second Embodiment

A second embodiment 1s now described with reference to
FIGS. 2 and 10 to 14. In this second embodiment, an
example of configuring an annular outer rotor 220 by
combining outer rotor pieces 221 having shapes difierent
from those of the outer rotor pieces 21 of the outer rotor 20
(see FIG. 2) used 1n the aforementioned first embodiment 1s
described. In FIG. 10, main components constituting an oil
pump 200 are denoted by reference numerals, and in FIGS.
11 to 14, the detailed configuration (structure) of the o1l
pump 200 i1s denoted by reference numerals. In the figures,
the same reference numerals as those 1n the aforementioned
first embodiment are assigned to and show structures similar
to those of the first embodiment.

The o1l pump 200 according to the second embodiment of
the present invention includes an inner rotor 10, the outer
rotor 220, and si1x vanes 30 constituting a pump element 235,
as shown i FIG. 10. In a pump body 50, six volume
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chambers 261 surrounded by the inner rotor 10, the outer
rotor 220, and the six vanes 30 are formed. The volume V1
of each of the volume chambers 261 1s increased or
decreased 1n response to enlargement or shrinkage of the
volume chambers 261 resulting from expansion and con- >
traction (slide) of the vanes 30 during the operation of the o1l
pump 200. The volume chambers 261 are examples of the
“first volume-changing part” 1n the present invention.

According to the second embodiment, the outer rotor 220
includes six outer rotor pieces 221 configured to be capable
of being sequentially connected to (engage with) each other
in a circumierential direction. Thus, the outer rotor 220 1s
configured to be rotated along arrow Q2 with respect to a
housing 40 1n a state where the outer rotor pieces 221 are
annularly connected to each other 1n the housing 40.

As shown in FIG. 11, the outer rotor pieces 221 each
include a first engaging piece 221a, a second engaging piece
221b, and a third engaging piece 221¢, each of which 1s
formed 1n an arcuate shape. The outer rotor pieces 221 each 3¢
turther include a base 221e extending 1n an axial direction
(direction X), and base parts of the first engaging piece 221qa
and the second engaging piece 2215 on a Q2 side, extending
in the axial direction (direction X), are connected to the base
221e from a Q1 side. Furthermore, a base part of the third 25
engaging piece 221c¢ on the Q1 side, extending 1n the axial
direction (direction X), 1s connected to the base 221e from
the Q2 side. Therefore, each of the outer rotor pieces 221 1s
a unitary monolithic component 1n which the first engaging
piece 221a and the second engaging piece 2215 on the Q1 30
side relative to the base 221e and the third engaging piece
221c¢ on the Q2 side relative to the base 221e have such a
shape that an arcuate wing 1s spread. Furthermore, the outer
rotor pieces 221 each have a uniform cross-sectional shape
from an end on an X2 side to an end on an X1 side, except 35
for a notch part 221f and a notch part 221g described later,
as shown in FIG. 12. The base 221¢ 1s an example of the
“vane-connecting part” in the present invention.

When the outer rotor pieces 221 are connected to each
other, as shown 1n FIG. 13, the first engaging piece 221aq and 40
the second engaging piece 2215 of an outer rotor piece 221
on the Q2 side engage with the third engaging piece 221c of
an outer rotor piece 221 adjacent on the Q1 side so as to hold
the third engaging piece 221c¢ from the outside and 1nside in
a radial direction. An engaging state where the third engag- 45
ing piece 221c¢ of the outer rotor piece 221 on the Q2 side
(second side) 1s held between the first engaging piece 221qa
and the second engaging piece 2215 of the outer rotor piece
221 on the Q1 side (first s1de) 1s sequentially repeated 1n the
outer rotor pieces 221 adjacent along a direction Q. In this 50

manner, the six outer rotor pieces 221 are annularly (cir-
cumierentially) connected to each other, whereby the outer
rotor 220 (see FIG. 10) 1s configured.

As shown 1n FIG. 13, an overlapping margin (engagement
area) of the adjacent outer rotor pieces 221 in the circum- 55
ferential direction (along arrow Q) can be increased or
decreased along arrow QQ 1n a prescribed range (a length
range of each of the pieces 1n the circumierential direction).
Therefore, 1n the outer rotor 220 incorporated 1n the housing
40 (see FIG. 10), engagement between the adjacent outer 60
rotor pieces 221 1s maintained while a distance (engagement
area) between the adjacent outer rotor pieces 221 1n the
circumierential direction (along arrow Q) 1s increased or
decreased 1n the prescribed range.

According to the second embodiment, engagement spaces 65
201 to 203 described below are formed between the outer
rotor pieces 21 adjacent to each other along arrow Q.
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Specifically, one engagement space 201 that enables
increase and decrease (expansion and contraction) 1n volume
1s formed on the side of the outer surface 3 of the third

engaging piece 221c by engagement between the first engag-
ing piece 221a and the second engaging piece 2215 of one
outer rotor piece 221 on the Q2 side and the third engaging
piece 221c¢ of the outer rotor piece 221 adjacent on the Q1
side, as shown 1n FIG. 13. This engagement space 201 1s a
space formed between the outer surface 3 of the third
engaging piece 221c and the inner peripheral surface 40q
(see FIG. 10) of the housing 40 that faces this. Simultane-
ously, one engagement space 202 that enables increase and
decrease (expansion and contraction) in volume 1s formed
on the side of the inner surface 2 of the third engaging piece
221c. This engagement space 202 1s a space directly exposed
to the side of the mner rotor 10 (see FIG. 10). Furthermore,
one engagement space 203 that enables increase and
decrease (expansion and contraction) in volume 1s formed 1n
a part into which the third engaging piece 221c¢ 1s inserted
and where the first engaging piece 221a and the second
engaging piece 2215 face each other. The engagement
spaces 201 and 202 are located on the Q1 side (first side)
between the two adjacent vanes 30, as shown 1n FI1G. 14. The
engagement space 203 i1s located on the Q2 side (second
side) between the two adjacent vanes 30. The engagement
spaces 201 and 202 are examples of the “first engagement
space” 1n the present invention. The engagement space 203
1s an example of the “second engagement space” in the
present 1nvention.

As shown in FIGS. 11 and 12, 1n a connection part
between the base 221¢ and the second engaging piece 2215,
one notch part 221/1s formed. The notch part 2211 1s formed
by partially notching the second engaging piece 2215 1n a
groove shape along a thickness direction to have a pre-
scribed length (depth) in the axial direction (direction X)
from an end of the base 221e on one side (X2 side). Thus,
the side of the mner surface 2 of the second engaging piece
2215 communicates with the side of the outer surface 3 of
the second engaging piece 2215. Thus, according to the
second embodiment, the engagement space 203 located
between the first engaging piece 221a and the second
engaging piece 2215 and a volume chamber 261 surrounded
by the inner rotor 10, the outer rotor 220, and the two
adjacent vanes 30 communicate with each other through the
notch part 221f. The volume of the notch part 221/ 1s
preferably as small as possible relative to the engagement
space 203 1n a range where o1l 1 easily flows. The notch part
221/ 1s an example of the “groove part” in the present
invention.

Furthermore, 1n a connection part between the base 221e
and the third engaging piece 221c¢, one notch part 221g 1s
formed. The notch part 221¢ 1s formed by partially notching,
the third engaging piece 221c¢ 1n a groove shape along the
thickness direction to have a prescribed length (depth) 1n the
axial direction (direction X) from the end of the base 221e
on one side (X2 side). Thus, the side of the inner surface 2
of the third engaging piece 221¢c communicates with the side
of the outer surface 3 of the third engaging piece 221c¢. Thus,
according to the second embodiment, the engagement space
201 located on the side of the outer surface 3 of the third
engaging piece 221¢ and the engagement space 202 (volume
chamber 261) located on the side of the inner surface 2 of the
third engaging piece 221c communicate with each other
t"lrough the notch part 221g. The volume of the notch part
221¢g 1s preferably as small as possible relative to the
engagement space 201 1n a range where the oil 1 easily




US 10,030,655 B2

27

flows. The notch part 221g 1s an example of the “groove
part” 1n the present invention.

As shown 1n FIG. 13, one volume chamber 262 having a
volume V2 1s formed between the outer rotor pieces 221
engaging with each other by the aforementioned engage-
ment spaces 201, 202, and 203. More specifically, the total
volume of the engagement spaces 201 to 203 corresponds to
the volume V2. The engagement space 202 substantially
communicates with the wvolume chamber 261, but 1s
described distinctively from the volume chamber 261 as an
engagement space, the size of which can be increased or
decreased, formed on the side of the outer rotor 220. The
volume chamber 262 1s configured such that the operations
ol increasing or decreasing the volumes of the engagement
spaces 201 to 203 are synchronized following an increase or
decrease 1n the overlapping margin (engagement area) of the
adjacent outer rotor pieces 221 1n the circumierential direc-
tion (along arrow Q) in the prescribed range. Thus, when the
adjacent outer rotor pieces 221 are displaced 1n a direction
away Irom each other, the “overlapping margin” 1is
decreased, and the volume V2 of the engagement spaces 201
to 203 1s monotonically increased. When the adjacent outer
rotor pieces 221 are displaced 1n a direction toward each
other, the “overlapping margin” 1s increased, and the volume
V2 of the engagement spaces 201 to 203 1s monotonically
decreased. The operations of increasing or decreasing the
volumes of the engagement spaces 201 to 203 serve a
pumping function of the outer rotor 220. The volume
chamber 262 1s an example of the “second volume-changing
part” 1n the present invention.

As shown 1n FIG. 11, the base 221e of each of the outer
rotor pieces 221 1s formed with an engaging part 221/
having a prescribed inner diameter, formed by partially
notching the nside in the radial direction 1n an arcuate shape
(C shape). The engaging part 221/ linearly extends from the
end of the base 221e on one side to an end of the base 221e
on another side along the axial direction and passes through
the base 221e in the axial direction (direction X). The
engaging portion 221/ 1s an example of the “vane-connect-
ing part” in the present invention.

According to the second embodiment, one volume cham-
ber 263 having a volume V3 1s formed 1n a vane-housing
unit 12 of the inner rotor 10 by a recess part 12a and a base
part 31a of each of the vanes 30, as shown 1n FIG. 14. The
volume chamber 263 1s an example of the “third volume-
changing part” in the present invention. Each of the vanes 30
1s slid to freely appear from and disappear into the recess
part 12a, whereby the volume V3 of the volume chamber
263 1s increased or decreased.

Thus, according to the second embodiment, one volume
chamber 261 located between the adjacent vanes 30, the
volume chamber 262 formed between the outer rotor pieces
221 engaging with each other in the circumierential direc-
tion (along arrow Q) 1n this part, and the volume chamber
263 1n the vicmity of the volume chamber 261 are config-
ured to communicate with each other. More specifically, six
volume chambers, each of which has a set of these volume
chambers 261 to 263, are formed 1n a state where the volume
chambers are zoned around the inner rotor 10.

According to the second embodiment, when the outer
rotor 220 1s rotated along arrow Q2 with prescribed eccen-
tricity with respect to the imnner rotor 10, as shown 1n FI1G. 10,
the volume chambers 261, 262, and 263 serve the pumping
function while changing their shapes (volumes) 1n response
to this eccentricity. More specifically, the volume V1 of the
volume chamber 261, the volume V2 of the volume chamber
262, and the volume V3 of the volume chamber 263 are
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changed 1n response to the eccentricity of the outer rotor 220
with respect to the inner rotor 10 so that the volume
chambers 261, 262, and 263 perform the pumping function.

The operation of the pumping function of the volume
chamber 262 1s now described. As shown 1n FIG. 10, in the
vicinity of a suction port 52, a distance between the adjacent
outer rotor pieces 221 in the circumierential direction 1is
gradually increased, whereby the volume V2 of the volume
chamber 262 including the engagement spaces 201 to 203 1s
gradually increased. In the vicinity of a discharge port 53,
the distance between the adjacent outer rotor pieces 221 in
the circumiferential direction 1s gradually decreased,
whereby the volume V2 of the volume chamber 262 includ-
ing the engagement spaces 201 to 203 1s gradually
decreased. In this case, the adjacent outer rotor pieces 221
engage with each other in the circumierential direction
(along arrow Q) while having the engagement spaces 201 to
203 constituting the volume chamber 262, and the total
volume V2 of the engagement spaces 201 to 203 1s changed
by a change 1n the distance between the adjacent outer rotor
pieces 221 in the circumierential direction (along arrow Q).
The pumping of the volume chambers 261 and 263 1s similar
to the pumping of the volume chambers 61 and 63 described
in the aforementioned first embodiment.

Also 1n the o1l pump 200, one volume chamber 261
located between the adjacent vanes 30, the volume chamber
262 formed between the outer rotor pieces 221 engaging
with each other in the circumierential direction 1n this part,
and the volume chamber 263 1n the vicinity of the volume
chamber 261 communicate with each other through the
alforementioned notch part 2211 (see FIG. 13), the notch part
21g (see FIG. 13), and a communication passage 13 (see
FIG. 14), and enlargement and shrinkage thereof are syn-
chronized. Thus, when passing through the vicinity of the
suction port 52, a set of the volume chambers 261 to 263 1n
terms of a flow passage suctions the o1l 1 while increasing
their volume V1, volume V2, and volume V3. Then, when
passing through the vicinity of the discharge port 53, a set of
the volume chambers 261 to 263 1n terms of a tlow passage
discharges the o1l 1 while decreasing their volume V1,
volume V2, and volume V3.

Thus, 1n the o1l pump 200, all the deformation movement
of movable parts (space parts: volume chambers 261 to 263)
existing 1n the housing 40, deformed along with the rotation
of a pump main body 1s converted to pumping. As described
above, the drive force of a drive source input into the mner
roto 10 1s utilized for the deformation movement of the
movable parts (volume chambers 261 to 263). Therelore,
also 1n the o1l pump 200, a mechanism 1n which the volume
chambers 261 to 263 operate together contributes to the
maximum possible conversion of the drive force of the drive
source to pumping and the discharge of the o1l 1. This means
that a net rate of discharge of the o1l 1 per unit rotation 1s
increased. The remaining structure of the oil pump 200
according to the second embodiment 1s similar to that of the
o1l pump 100 according to the aforementioned first embodi-
ment.

According to the second embodiment, the following
ellects can be obtained.

According to the second embodiment, as hereinabove
described, the o1l pump 200 includes the mnner rotor 10 that
includes the vane-housing unit 12 (si1x recess parts 12a)
housing the six vanes 30 so as to be capable of sliding 1n the
radial direction, the outer rotor 220 that includes six bases
21e connecting respective tip ends 32 of the six vanes 30 on
the outside 1n the radial direction, the volume chambers 261,
the volume V1 of which 1s changed in response to the
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eccentricity of the inner rotor 10 with respect to the outer
rotor 220, thereby providing the pumping function, and
volume chambers 262, which are provided 1n the outer rotor
220, and the volume V2 of which 1s changed by the change
in the distance between the adjacent bases 221e in the
circumierential direction 1n response to the eccentricity of
the mner rotor 10 with respect to the outer rotor 220, thereby
providing the pumping function. Thus, in addition to the
highly-eflicient pumping of the volume chambers 261 par-
tittoned by the vanes 30, the pumping of the volume
chambers 262 newly provided 1n the outer rotor 220 can be
cllectively utilized. Therefore, the net rate of discharge of
the o1l 1 per umit rotation in the o1l pump 200 can be
suiliciently increased. Consequently, the pumping efliciency
of the o1l pump 200 can be improved.

According to the second embodiment, the o1l pump 200
further includes volume chambers 263, the volume V3 of
which 1s changed in the vane-housing unit 12 of the inner
rotor 10 by the slide of the multiple vanes 30 in the radial
direction 1n response to the eccentricity of the iner rotor 10
with respect to the outer rotor 220, thereby providing the
pumping function. Thus, the o1l pump 200 can be configured
to incorporate the change in the volume of the volume
chambers 263 1n the vane-housing umit 12 by the linear slide
of the vanes 30 1n the radial direction with respect to the
vane-housing unit 12 1nto the pumping including the suction
and discharge of the o1l 1 without 1ignoring the change in the
volume of the volume chambers 263 in addition to the
pumping of the volume chambers 261 and the volume
chambers 262, and hence the pumping of the volume cham-
bers 263 1s eflectively added so that the rate of discharge of
the o1l 1 per unit rotation that the o1l pump 200 has can be
turther increased. Consequently, the o1l pump 200 can be
turther reduced in size. Furthermore, the vanes 30 linearly
sliding 1n the radial direction are used, and hence it 1s not
necessary to narrow an intermediate part of each of the vanes
30 that appears from and disappears ito the vane-housing
unit 12 (recess part 12a). Therefore, no minus factor (wasted
work) to newly increase the volume (newly form volume
chambers) 1n parts on the side of the volume chambers 261
1s generated in the vicinity of the volume chambers 263
during a decrease change in the volume V3 of the volume
chambers 263, and hence the changes in the volumes of the
volume chambers 261 to 263 can eflectively work on the
pumping of the entire o1l pump 200.

According to the second embodiment, the outer rotor 220
includes the multiple outer rotor pieces 221, each of which
1s provided for each of the multiple vanes 30, each including
the base 221e. Furthermore, the outer rotor 220 1s configured
such that the multiple outer rotor pieces 221 are circumier-
entially arranged 1n a state where the adjacent outer rotor
pieces 221 engage with each other so as to be capable of
changing the distance therebetween in the circumierential
direction (along arrow Q). Thus, properly utilizing the
movement (expansion and contraction) of the adjacent outer
rotor pieces 221 away from and toward each other in the
circumierential direction (along arrow Q)), the volume cham-
bers 262 can perform the pumping function of repeating
their enlargement and shrinkage.

According to the second embodiment, the adjacent outer
rotor pieces 221 engage with each other in the circumier-
ential direction (along arrow Q) while having the engage-
ment spaces 201 to 203 constituting the volume chamber
262, and the o1l pump 200 1s configured to change the
volume V2 of the engagement spaces 201 to 203 by the
change 1n the distance between the adjacent outer rotor
pieces 221 in the circumierential direction (along arrow Q).
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Thus, properly utilizing, as the volume V2, the engagement
spaces 201 to 203 generated when the outer rotor pieces 221

engage with each other, the volume chambers 262 can
perform the pumping function of repeating an increase and
decrease 1n the volume V2.

According to the second embodiment, the outer rotor
pieces 221 each have the first engaging piece 221a to the
third engaging piece 221c¢ engageable with each other in the
circumierential direction 1n a state where the adjacent outer
rotor pieces 221 overlap each other in the radial direction.
Furthermore, the outer rotor 220 1s configured to change the
volume V2 obtained by summing the engagement spaces
201 to 203 by the change in the distance between the
engagement spaces 201 and 203 partially constituting the
volume chamber 262 1n the circumierential direction in
response to the amount of overlap of the first engaging piece
221a to the third engaging piece 221¢. Thus, the volume V2
of the engagement spaces 201 to 203 can be easily increased
or decreased 1n response to the amount of overlap of the first
engaging piece 221a to the third engaging piece 221c
overlapping each other, and hence the outer rotor 220
(volume chambers 262) can easily perform the pumping
function.

According to the second embodiment, each of the outer
rotor pieces 221 1s provided with the notch part 221/ that
allows the engagement space 203 constituting the volume
chamber 262 and the volume chamber 261 to communicate
with each other and the notch part 221g that allows the
engagement spaces 201 and 202 constituting the volume
chamber 262 and the volume chamber 261 to communicate
with each other. Thus, the volume chamber 261 having the
volume V1 and the volume chamber 262 having the volume
V2 are allowed to communicate with each other through the
notch part 2211 and the notch part 2212, and hence the o1l 1
can be suctioned into both the volume chamber 261 and the
volume chamber 262 when the volume chambers are
enlarged. When the volume chambers are shrunk, the o1l 1
can be discharged from both the volume chamber 261 and
the volume chamber 262.

According to the second embodiment, the outer rotor 220
1s configured such that a set of the engagement spaces 201
to 203 includes the engagement spaces 201 and 202 located
on the first side (the Q1 side in FIG. 5) between the two
adjacent vanes 30 and the engagement space 203 located on
the second side (the Q2 side 1in FIG. 5) between the two
adjacent vanes 30. Thus, in the case where the generally
annular outer rotor 220 1s configured by sequentially con-
necting the adjacent outer rotor pieces 221 to each other,
cach of the outer rotor pieces 221 can easily engage with an
outer rotor piece 221 adjacent on the first side (Q1 side)
relative to 1itself through the engagement spaces 201 and
202, and each of the outer rotor pieces 221 can easily engage
with an outer rotor piece 221 adjacent on the second side
(Q2 side) relative to 1tself through the engagement space
203. The remaining eflects of the second embodiment are
similar to those of the aforementioned first embodiment.

Third Embodiment

The structure of an o1l pump 300 according to a third
embodiment of the present mnvention 1s now described with
reference to FIGS. 1 and 15 to 23. In the following descrip-
tion, the movement direction of a housing 45 housing a
pump element 335 is set to a Y-axis direction, the movement
direction of a spool member 360 orthogonal to this 1s set to
a /-axis direction, and the rotation axis direction of an inner
rotor 10 1s set to an X-axis direction. In the figures, the same
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reference numerals as those in the aforementioned first
embodiment are assigned to and show structures similar to
those of the first embodiment. The housing 45 1s an example
of the “rotor-housing unit” in the present invention, and the
spool member 360 1s an example of the “cam member” 1n
the present invention.

The o1l pump 300 according to the third embodiment of
the present invention 1s mounted on a motor vehicle (not
shown) including an engine 90, as shown 1n FIG. 135 and has
a Tunction of pumping o1l (lubricating o1l) 1 1n an o1l pan 91
and supplying the o1l 1 around pistons 92 and to a movable
part (slide part) such as a crankshait 93.

The o1l pump 300 includes the pump element 35 having
a pumping function, the housing 45 housing the pump
clement 35 (see FIG. 1), and a pump body 80 housing the
housing 45. The housing 45 1s an example of the “rotor-
housing unit” in the present invention.

The outer surface 20a of an annular outer rotor 20 1s held
to be slidable with respect to the inner peripheral surface 454
of the housing 45. The pump body 80 1s sealed from the front
side of the plane of the figure by an unshown cover member
in a state where the pump element 35 and the housing 45 are
rotatably incorporated 1n a recessed pump-housing unit 81 of
the pump body 80, whereby six volume chambers V are
formed 1n the pump element 35. Each of the volume
chambers V includes volume chambers 61, 62, and 63 (sec
FIG. 2). When the iner rotor 10 1s rotated along arrow Q1
by the drive force of the crankshaft 93 1n this state, the outer
rotor 20 1s also rotated along the same arrow Q1 as the inner
rotor 10 through six vanes 30. The volume chambers V
periodically change their shapes along with the rotation of
the pump element 35 along arrow Q1, thereby providing the
pumping function.

The pump-housing unit 81 i1s formed with a suction port
52 that suctions the o1l 1 and a discharge port 53 that
discharges the o1l 1. The suction port 52 1s connected to an
intake o1l passage 95 extending from the o1l pan 91. The
pump body 80 includes a discharge o1l passage 54 connected
to the discharge port 53 of the pump-housing unit 81, and the
discharge o1l passage 54 1s connected to an external supply
o1l passage 96 supplying the o1l 1 to each part of the engine
90.

The pump-housing unit 81 has such a shape that the
housing 45 1s housed so as to be movable back and forth
along the Y-axis direction. Specifically, the pump-housing
unit 81 has an inner surface 81la extending 1n the Y-axis

direction on each of a 7Z1 side and a Z2 side, and the housing
435 has an outer surface 45b extending 1n the Y-axis direction
on each of the Z1 side and the Z2 side. The housing 45 has
such an outer shape that the housing 45 i1s fitted into the
pump-housing unit 81 while the outer surface 4355 faces the
inner surface 81a of the pump-housing unit 81. The outer
surface 455 of the housing 45 1s slid with respect to the inner
surface 81a of the pump-housing unit 81 so that the housing
45 1s linearly moved along arrow Y1 or arrow Y2 with
respect to the pump-housing unit 81. The Y-axis direction 1s
an example of the “first direction” in the present invention.

Sealing members 47 are {itted 1nto the outer surface 4556
of the housing 45 on the Z2 side. The respective sealing
members 47 made of a rubber (resin) material are provided
in the outer surface 4556 on a Y1 side and the outer surface
45b on a Y2 side. These sealing members 47 prevent the oil
1 having a relatively high pressure on the side of the
discharge port 53 in the pump-housing unit 81 from being
leaked to the suction port 52 (intake o1l passage 95), which
1s a region having a relatively low pressure.
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The pump-housing unit 81 further has an inner surface
81b extending 1n an arcuate shape on each of the Y1 side and
the Y2 side, as shown 1n FIGS. 15 and 16. The inner surface
815 on the Y1 side 1s provided with a spring-storing unit 85
(see FIG. 15), and the mner surface 815 on the Y2 side 1s
provided with an opening 86. As shown i FIG. 16, a
through-hole 87 passing through the pump body 80 1n the
X-axis direction 1s formed 1n a central part held between the
suction port 52 and the discharge port 53 of the pump-
housing unit 81. A drive shait (not shown) for rotating the
inner rotor 10 (see FIG. 15) 1s configured to be mserted into
the through-hole 87. This drive shatt 1s fixed to a shaft hole
11 of the inner rotor 10 in a state where the inner rotor 10
1s arranged in the pump-housing unit 81. The housing 45
further has an outer surface 45¢ extending in an arcuate
shape on each of the Y1 side and the Y2 side, as shown 1n
FIG. 15. The outer surface 45¢ on the Y1 side 1s provided
with a seat part 46 having a flat surface, and the outer surface
45¢ on the Y2 side 1s provided with a convex part 48. The
convex part 48 1s an example of the “cam engaging part” 1n
the present invention.

The housing 45 1s arranged 1n the pump-housing umt 81
such that the convex part 48 1s directed to a side (Y2 side)
on which the opening 86 of the pump-housing unit 81 1is
provided. The side (Y1 side) of the spring-storing unit 835
opposite to the housing 45 1s sealed by a plug screw 307 1n
a state where a coiled spring 305 1s fitted into the spring-
storing unit 85 and the seat part 46 1s pressed along arrow
Y 2. Thus, the housing 45 1s constantly urged to the Y2 side
on which the opening 86 i1s provided by the urging force of
the spring 305. When the housing 45 1s located farthest on
Y2 side, a tip end of the convex part 48 protrudes 1nto an o1l
passage part 57 described later through the opening 86. The

spring 303 1s an example of the “first urging member” in the
present 1nvention.

The inner rotor 10 has a rotation center R fixedly
arranged. The housing 45 holding the outer rotor 20 1is
moved by a prescribed amount 1n the Y-axis direction (along
arrow Y1 or arrow Y2), whereby the rotation center U of the
outer rotor 20 1s eccentric 1n a transverse direction (along
arrow Y 1 or arrow Y 2) relative to the rotation center R of the
inner rotor 10. In this case, a tip end 32 of each of the vanes
30 protrudes from a recess part 12a of a vane-housing unit
12 toward an outer rotor piece 21 by an amount in response
to eccentricity in each rotational position (rotational angle)
along arrow Q1. Therefore, each of the vanes 30 1s rota-
tionally moved along arrow (Q1 while appearing from and

disappearing into the recess part 12a along with the rotation
of the mner rotor 10 and allows the outer rotor 20 to be
rotated along arrow Q1 1n an accompanying mannetr.

At this time, 1n each of the volume chambers V, its volume
1s periodically changed between a minimum value and a
maximum value, following the shape deformation of the
volume chambers V. The o1l 1 1s suctioned according to a
decrease 1n the pressure of the volume chambers V follow-
ing the change of the volume of each of the volume
chambers V from the mimimum value to the maximum
value, and the suctioned o1l 1 1s discharged according to an
increase 1n the pressure of the volume chambers V following
the change of the volume of each of the volume chambers V
from the maximum value to the minimum value. Thus, the

o1l pump 300 1s configured to operate with the pumping
function.

According to the third embodiment, the oil pump 300
includes the spool member 360, as shown in FIG. 15. The
spool member 360 1s incorporated in the pump body 80 and
1s linearly moved 1n the Z-axis direction orthogonal to the
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Y-axis direction 1n response to the discharge pressure P (the
o1l 1 on a discharge side 1s dotted in FIG. 15) of the o1l 1
from the discharge port 53. The housing 45 1s moved 1n the
Y-axis direction following the linear movement of the spool
member 360 1n the Z-axis direction. The spool member 360
has a function of increasing and decreasing the amount of
movement of the housing 45 in the Y-axis direction (=the
eccentricity of the rotation center U of the outer rotor 20
with respect to the rotation center R of the inner rotor 10).
The Z-axis direction 1s an example of the “second direction™
in the present mvention. This point 1s now described 1n
detaul.

As shown i FIG. 15, the pump body 80 1s formed with
the o1l passage part 57 for drawing the o1l 1 1s formed 1n the
middle of the discharge o1l passage 54. The o1l passage part
57 has a circular cross-section except for a part correspond-
ing to the opening 86, and the spool member 360 extending
in the Z-axis direction 1s inserted 1nto the o1l passage part 57.
The o1l passage part 37 has such a shape that the spool
member 360 1s housed so as to be movable back and forth
along arrow 71 or arrow Z2 1n the Z-axis direction. Arrow
/1 1s an example of the “one direction of the second
direction” 1n the present mvention. Arrow Z2 1s an example
of the “another direction of the second direction” 1n the
present mvention.

The spool member 360 includes a main body part 361
extending in the form of a bar in the Z-axis direction, a
cam-shaped part 362 formed in a region of the main body
part 361 closer to a central part along the Z-axis direction,
a recessed seat part 363 formed 1n a first end (71 side), and
a pressure-receiving surface 364 formed 1n a second end (72
side), as shown i FIG. 17. The spool member 360 1s
inserted into the o1l passage part 57 such that the pressure-
receiving surface 364 is directed to the discharge o1l passage
54, and the side (Z1 side) of the spool member 360 opposite
to the o1l passage part 57 1s sealed by a plug spring 308 in
a state where a coiled spring 306 1s fitted into the seat part
363. The cam-shaped part 362 1s an example of the “cam
region” 1n the present invention. The spring 306 1s an
example of the “second urging member” in the present
invention.

The cam-shaped part 362 1s formed to have a prescribed
concave-convex shape by cutting one side surface of the
main body part 361, and 1n a part other than the cam-shaped
part 362, a cylindrical outer surface 361a remains. The outer
surface 361a of the spool member 360 1s slid with respect to
the 1inner surface 57a (see FIG. 15) of the o1l passage part 57
in a state where the main body part 361 1s slidingly inserted
into the o1l passage part 57 such that the outer surface 361a
taces the mnner surface 57a, whereby the spool member 360
1s linearly moved along arrow Z1 or arrow Z2 with respect
to the o1l passage part 57. The mner diameter of the oil
passage part 57 1s slightly larger than the outer diameter of
the spool member 360, and the cylindrical outer surface
361a of the spool member 360 1s smoothly slid with respect
to the mner surface 57a of the o1l passage part 57.

As shown 1n FIG. 15, the spool member 360 1s arranged
in the o1l passage part 57, whereby the o1l passage part 57
1s divided into a pressure-recerving region 58a where the
pressure of the o1l 1 discharged from the discharge port 53
directly acts along arrow Z1 and an adjustment region 5856
including a region provided with the cam-shaped part 362
and the seat part 363, where the spool member 360 is
allowed to be moved without directly receiving the dis-
charge pressure of the oil 1. In a state where the spool
member 360 1s arranged in the o1l passage part 57, the
cam-shaped part 362 1s arranged to face the convex part 48

5

10

15

20

25

30

35

40

45

50

55

60

65

34

of the housing 45 protruding into the adjustment region 585
of the o1l passage part 57 through the opening 86. In this
case, the tip end of the convex part 48 of the housing 45
comes 1nto contact with a prescribed part of the cam-shaped
part 362 from the Y1 side by the urging force of the spring
305.

Thus, according to the third embodiment, when the o1l 1
discharged from the discharge port 53 i1s drawn into the
pressure-recerving region 58a of the o1l passage part 57
through the discharge o1l passage 54 with the discharge
pressure P during operation of the pump element 35, the o1l
1 acts on the pressure-receiving surface 364 of the spool
member 360 so that the spool member 360 1s linearly moved
along arrow Z1. Along with the linear movement of the
cam-shaped part 362 along arrow Z1 1n response to the
discharge pressure P, the housing 45 1s moved along arrow
Y1 or arrow Y2 with respect to the pump body 80 through
the convex part 48 coming 1nto contact with the cam-shaped
part 362. Consequently, 1n the pump element 35, the eccen-
tricity of the outer rotor 20 with respect to the mner rotor 10
1s 1increased or decreased along with an increase or decrease
in the amount of movement of the housing 45 1n the Y-axis
direction.

When the eccentricity of the outer rotor 20 with respect to
the mner rotor 10 1s relatively small (a state in FIG. 21, for
example), the pumping amount resulting from the enlarge-
ment and shrinkage of the six volume chambers V volu-
metrically integrated 1s relatively small, and the rate of
discharge of the o1l 1 at the same rotational speed 1is
relatively small. In this case, an increase (the imnclination of
a straight line (discharge pressure characteristics) shown 1n
FIG. 22) 1n the discharge pressure P following an increase 1n
the rotational speed 1s modest. When the eccentricity 1s
relatively large (a state 1n FIG. 15, for example), the pump-
ing amount resulting from the enlargement and shrinkage of
the six volume chambers V volumetrically integrated 1s
relatively large, and the rate of discharge of the o1l 1 at the
same rotational speed i1s relatively large. In this case, an
increase in the discharge pressure P following an increase 1n
the rotational speed 1s large (the inclination of the straight
line shown 1n FIG. 22 1s increased).

According to the third embodiment, the cam-shaped part
362 of the spool member 360 has such a surface shape
(concave-conveXx shape) that the amount D of protrusion of
the cam-shaped part 362 1n the Y-axis direction with respect
to the convex part 48 of the housing 48 1s changed (increased
or decreased) along the Z-axis direction. Thus, the housing
45 1s moved along arrow Y1 or arrow Y2 in response to the
change (the undulating state of the cam-shaped part 362) 1n
the amount D of protrusion of the cam-shaped part 362
following the movement of the spool member 360 along
arrow 71, so that the eccentricity of the rotation center U of
the outer rotor 20 with respect to the rotation center R of the
inner rotor 10 1s increased or decreased.

More detailedly, the cam-shaped part 362 1s formed by
connecting a cam region 71, a cam region 72, a cam region
73, a cam region 74, and a cam region 75 1n this order along
the Z-axis direction from the first end (Z1 side) toward the
second end (Z2 side). The cam regions 71, 72, and 73 are
examples of the “first cam region”, the “second cam region”,
and the “third cam region™ in the present invention, respec-
tively.

Based on the height (the amount D of protrusion along
arrow Y1) of the cam region 71, the cam region 71 1is
flattened along the Z-axis direction and has a constant height
along the Z-axis direction. The cam region 72 1s continu-
ously connected to the cam region 71, and the height (the
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amount D of protrusion along arrow Y1) of the cam region
72 1s gradually increased from the cam region 71 toward a
Y2 direction. The cam region 73 1s connected to an end point
part of the cam region 72 on the Z2 side so as to be bent
along arrow Y2, and the height (the amount D of protrusion
along arrow Y1) of the cam region 73 1s gradually decreased
from the cam region 72 toward the Y2 direction. The cam
region 74 1s flattened along the Z-axis direction while
maintaining the height (the amount D of protrusion along
arrow Y1) of an end point part of the cam region 73 on the
72 side, and the height of the cam region 74 1n that position
1s maintained constant. The height of the cam region 74 1s
larger than the height of the cam region 71. The cam region
75 1s continuously connected to an end point part of the cam
region 74 on the Z2 side, and the height (the amount D of
protrusion along arrow Y1) of the cam region 75 1s gradually
increased from the cam region 74 toward the Y2 direction.

According to the third embodiment, when the discharge
pressure P of the o1l 1 from the discharge port 53 1s within
a pressure range P1 (see FIG. 15), the cam region 71 1s a
region arranged to face the convex part 48 of the housing 45.
When the discharge pressure P of the o1l 1 from the
discharge port 33 1s within a pressure range P2 (see FIG. 18)
larger than the pressure range P1, the cam region 72 1s a
region engaging with the convex part 48 of the housing 45.
When the discharge pressure P of the oil 1 from the
discharge port 53 1s within a pressure range P3 (see FIG. 19)
larger than the pressure range P2, the cam region 73 1s a
region engaging with the convex part 48 of the housing 45.
The pressure range P1, the pressure range P2, and the
pressure range P3 are examples of the “first pressure range”,
the “second pressure range”, and the “third pressure range”™
in the present invention, respectively.

In addition to the above, when the discharge pressure P of
the o1l 1 from the discharge port 53 1s within a pressure range
P4 (see FIG. 20) larger than the pressure range P3, the cam
region 74 1s a region engaging with the convex part 48 of the
housing 45. When the discharge pressure P of the o1l 1 from
the discharge port 53 1s within a pressure range P5 (see FIG.
21) larger than the pressure range P4, the cam region 75 1s
a region engaging with the convex part 48 of the housing 45.
There 1s a relationship of the pressure range P1<the pressure
range P2<the pressure range P3<the pressure range P4<the
pressure range P5.

When the convex part 48 of the housing 435 1s arranged to
face the cam region 71 (see FIG. 15), the eccentricity of the
rotation center U of the outer rotor 20 with respect to the
rotation center R of the inner rotor 10 1s eccentricity Al,
which 1s a maximum value. When the convex part 48 of the
housing 45 1s arranged to face the cam region 75 (see FIG.
21), the eccentricity of the rotation center U of the outer
rotor 20 with respect to the rotation center R of the inner
rotor 10 1s eccentricity AS, which 1s a mmimum value.

In the o1l pump 300, when the spool member 360 1s
moved along arrow Z1 so as to sequentially switch the
cam-shaped part 362 of the spool member 360 to the cam
region 71, the cam region 72, the cam region 73, the cam
region 74, and the cam region 75 1n response to an increase
in the discharge pressure P of the o1l 1 from the discharge
port 53, the amount of movement of the housing 435 1n the
Y-axis direction with respect to the rotation center R of the
inner rotor 10 (the eccentricity of the outer rotor 20 with
respect to the mner rotor 10) 1s maintained (unchanged) in
the case of the cam region 71 (see FIG. 15) whereas the
amount of movement of the housing 45 1n the Y-axis
direction with respect to the rotation center R of the inner
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rotor 10 (the eccentricity of the outer rotor 20 with respect
to the inner rotor 10) 1s decreased in the case of the cam
region 72 (see FIG. 18).

The o1l pump 300 1s configured such that 1n the case of the
cam region 73 (see FIG. 19), the amount of movement of the
housing 45 1n the Y-axis direction with respect to the rotation
center R of the mner rotor 10 (the eccentricity of the outer
rotor 20 with respect to the mner rotor 10) 1s increased (the
eccentricity 1s reversed in an increasing direction) from the
state where the amount of movement of the housing 45 1n the
Y-axis direction with respect to the rotation center R of the
inner rotor 10 1s decreased 1n the case of the cam region 72.
Furthermore, the amount of movement of the housing 45 1n
the Y-axis direction with respect to the rotation center R of
the inner rotor 10 (the eccentricity of the outer rotor 20 with
respect to the inner rotor 10) 1s maintained (the increased
state 1n the case of the cam region 73 1s unchanged) in the
case of the cam region 74 (see FI1G. 20) whereas the amount
of movement of the housing 45 in the Y-axis direction with
respect to the rotation center R of the inner rotor 10 (the
eccentricity of the outer rotor 20 with respect to the inner
rotor 10) 1s decreased again in the case of the cam region 73
(see FIG. 21) (the housing 45 1s moved such that the
eccentricity 1s decreased).

More specifically, the cam region 71 1s formed such that
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 associated with the movement of the housing 45 1n
the Y-axis direction 1s maintained at (fixed to) the eccen-
tricity Al. The cam region 72 1s formed such that the
eccentricity of the outer rotor 20 with respect to the mnner
rotor 10 associated with the movement of the housing 45 in
the Y-axis direction 1s (decreased to) eccentricity A2 smaller
than the eccentricity Al. The cam region 73 1s formed such
that the eccentricity of the outer rotor 20 with respect to the
inner rotor 10 associated with the movement of the housing
45 1n the Y-axis direction 1s increased to eccentricity A3
larger than the minimum value of the eccentricity A2. The
maximum value of the eccentricity A3 1s smaller than the
maximum value (=eccentricity Al) of the eccentricity A2.
The eccentricity Al, the eccentricity A2, and the eccentricity
A3 are examples of the “first eccentricity”, the *“second
eccentricity”’, and the “third eccentricity” in the present
invention, respectively.

In addition to the above, the cam region 74 1s formed such
that the eccentricity of the outer rotor 20 with respect to the
inner rotor 10 associated with the movement of the housing
45 1n the Y-axis direction 1s maintained at eccentricity A4,
which 1s the maximum value of the eccentricity A3 (but a
value smaller than the maximum value of the eccentricity
A2), and the cam region 75 1s formed such that the eccen-
tricity of the outer rotor 20 with respect to the mner rotor 10
associated with the movement of the housing 45 in the
Y-axis direction 1s decreased to the eccentricity AS smaller
than the eccentricity A4.

Therefore, the cam region 72 1s provided such that the
eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s decreased from the eccentricity Al (=the maxi-
mum value of the eccentricity A2) to the eccentricity A2
(=the minimum value of the eccentricity A2) toward the cam
region 73. The cam region 73 i1s provided such that the
eccentricity of the outer rotor 20 with respect to the nner
rotor 10 1s increased from the eccentricity A2 (=the mini-
mum value of the eccentricity A2) to the eccentricity A3
(restricted to the maximum value of the eccentricity A2)
toward the cam region 74. The cam region 75 1s provided
such that the eccentricity of the outer rotor 20 with respect
to the inner rotor 10 1s increased from the eccentricity A4
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(=the maximum value of the eccentricity A3) to the eccen-
tricity A5 (=the minimum value of the eccentricity AS)
toward a side opposite to the cam region 74.

The cam region 71, the cam region 72, the cam region 73,
the cam region 74, and the cam region 75 are continuously
provided, and the convex part 48 of the housing 45 1s moved
in the Y-axis direction (along arrow Y1 or arrow Y2) by
sequentially sliding along the cam region 71, the cam region
72, the cam region 73, the cam region 74, and the cam region
75 following the movement of the spool member 360 along
arrow /1.

As discussed 1n relation to the discharge pressure P,
according to the third embodiment, when the discharge
pressure P of the o1l 1 1s within the pressure range P1 (see
FIG. 15), the cam region 71 of the spool member 360 is
linearly moved to a position corresponding to the convex
part 48 of the housing 45 so that the housing 45 1s linearly
moved to a first eccentricity position 1n the Y-axis direction
and the eccentricity of the outer rotor 20 with respect to the
inner rotor 10 1s maintained at the eccentricity A1, which 1s
the maximum eccentricity. In the pressure range P2 (see
FIG. 18), the cam region 72 of the spool member 360 is
linearly moved to a position engaging with the convex part
48 of the housing 45 so that the housing 45 1s linearly moved
to a second eccentricity position 1n the Y-axis direction and
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s changed to the eccentricity A2 smaller than the
eccentricity Al. In the pressure range P3 (see FIG. 19), the
cam region 73 of the spool member 360 1s linearly moved to
a position engaging with the convex part 48 of the housing
45 so that the housing 45 i1s linearly moved to a third
eccentricity position in the Y-axis direction and the eccen-
tricity of the outer rotor 20 with respect to the mner rotor 10
1s changed to the eccentricity A3 larger than the minimum
value of the eccentricity A2.

In the pressure range P4 (see FIG. 20), the cam region 74
of the spool member 360 is linearly moved to a position
engaging with the convex part 48 of the housing 45 so that
the housing 45 1s linearly moved to a fourth eccentricity
position 1n the Y-axis direction and the eccentricity of the
outer rotor 20 with respect to the inner rotor 10 1s maintained
at the eccentricity A4, which 1s the maximum of the eccen-
tricity A3. In the pressure range PS (see FIG. 21), the cam
region 75 of the spool member 360 1s linearly moved to a
position engaging with the convex part 48 of the housing 45
so that the housing 45 1s linearly moved to a fifth eccentricity
position 1n the Y-axis direction and the eccentricity of the
outer rotor 20 with respect to the mner rotor 10 1s changed
to the eccentricity AS smaller than the eccentricity A4.

According to the third embodiment, the suction port 52
(intake o1l passage 93) 1n the pump-housing umt 81 com-
municates with the adjustment region 385 provided with the
cam-shaped part 362 of the spool member 360 through the
opening 86 1n a region on the Y2 side, as shown in FIG. 15.
Therefore, during operation of the pump element 35, at least
part of the o1l 1 suctioned into the suction port 52 through
the opening 86 1s drawn 1nto the cam-shaped part 362 (cam
regions 71 to 735) of the spool member 360. Thus, when the
housing 45 1s moved in the Y-axis direction through the
cam-shaped part 362 provided 1n the spool member 360, the
o1l 1, the pressure of which 1s lower than the discharge
pressure P, 1s easily drawn into the vicinity of the cam-
shaped part 362 (adjustment region 58b), and the cam
regions 71 to 75 are lubricated. The spool member 360 1s
formed with a through-hole 365 passing through the seat
part 363 (bottom part) 1n the Z-axis direction such that a side
on which the spring 306 1s provided and the cam region 71
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(cam-shaped part 362) communicate with each other. There-
fore, at least part of the o1l 1 suctioned 1nto the suction port
52 1s drawn 1nto not only the cam-shaped part 362 but also
a space part between the plug spring 308 and the seat part
363. Thus, even when the volume of the space part (adjust-
ment region 58b) between the plug spring 308 and the seat
part 363 1s increased or decreased following the forward or
reverse movement of the spool member 360 1n the Z-axis
direction, the o1l 1 1n a low pressure (intake pressure) state
simply reversibly flows and does not interrupt the movement
of the spool member 360 in the Z-axis direction.

When the rotation center R of the inner rotor 10 and the
rotation center U of the outer rotor 20 completely coincide
with each other, the tip end 32 of each of the vanes 30
protrudes from the recess part 12a (vane-housing unit 12)
toward the outer rotor piece 21 by the same amount.
Theretore, even when the inner rotor 10 1s rotated, each of
the vanes 30 1s rotationally moved without changing the
amount of protrusion and only allows the outer rotor 20 to
be rotated 1 an accompanying manner, and hence the oil
pump 300 does not perform the pumping function.

Due to the aforementioned structure, the o1l pump 300 has
the following characteristics (the discharge pressure char-
acteristics of the o1l 1 with respect to the rotational speed of
the inner rotor 10). FIG. 22 shows the characteristics of the
discharge pressure (vertical axis) of the o1l 1 discharged
from the pump body 80 (discharge oil passage 54) with
respect to the rotational speed (horizontal axis) of the engine
90 (crankshait 93) as the operating characteristics of the o1l
pump 300. FIG. 22 shows not only the operating character-
istics of the o1l pump 300 but also the characteristics
(discharge pressure characteristics) of a conventional o1l
pump as a comparative example. In the o1l pump as the
comparative example (conventional example), when the
housing (rotor-housing unit) 1s moved 1n one direction along
with an increase in the discharge pressure of the oil, the
eccentricity of the housing with respect to the inner rotor
(rotor) 1s monotonically decreased, and the pump capacity 1s
decreased. The following description 1s with reference to
FIGS. 15 and 18 to 21 according to the movement position
of the spool member 360. FIGS. 18 to 20 illustrate the
schematic structure of the pump element 35, and the outer
shape of the annular outer rotor 20 (outer rotor piece 21) 1s
shown by broken lines.

In a section 1n which the rotational speed of the engine 90
(see FIG. 15) 1s up to about 1100 rotations per minute 1n
FIG. 22, the cam region 71 of the spool member 360 1is
arranged to face the convex part 48 of the housing 45, as
shown in FIG. 15. In this case, the cam region 71 flattened
along the Z-axis direction 1s only moved along arrow 71
even when the rotational speed of the engine 90 (crankshatt
93) 1s increased so that the spool member 360 1s moved
along arrow 71 along with an increase in the discharge
pressure P of the o1l 1 from the discharge port 53. Thus, the
amount of movement of the convex part 48 in the Y-axis
direction 1s unchanged. In this case, the eccentricity of the
rotation center U of the outer rotor 20 with respect to the
rotation center R of the inner rotor 10 1s maintained at the
eccentricity Al, which 1s a maximum value. Therefore, the
discharge pressure characteristics are shaped like a charac-
teristic G1 1n FIG. 22 when the housing 45 1s maintained at
the eccentricity Al. A straight line (a broken line on which
the characteristic G1 extends) having the inclination of the
characteristic G1 corresponds to a maximum eccentricity
line 1n the o1l pump 300. A range of the characteristic G1
corresponds to the pressure range P1 of the discharge
pressure P.
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Then, when the rotational speed of the engine 90 exceeds
about 1100 rotations per minute and the discharge pressure
P exceeds the maximum value of the pressure range P1, a
position of the spool member 360 moved along arrow 71,
engaging with the convex part 48 1s switched from the cam
region 71 to the cam region 72. Thus, the o1l pump 300 shafts
from the state i FIG. 15 to a state 1n FIG. 18. When the
spool member 360 1s moved along arrow Z1 along with an
increase 1n the discharge pressure P of the o1l 1 from the
discharge port 33, as shown in FIG. 18, the convex part 48
1s gradually moved along arrow Y1 to follow the shape
(inclined shape) of the cam region 72. In other words, the
eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s decreased along with an increase in the amount
D of protrusion along arrow Y1 when the convex part 48
engages with the cam region 72. Therefore, the housing 45
1s changed (decreased) from the eccentricity Al (constant
value) to the eccentricity A2. In this case, the discharge
pressure characteristics are shaped like a characteristic G2 in
FIG. 22. A range of the characteristic G2 corresponds to the
pressure range P2 of the discharge pressure P.

Then, when the rotational speed of the engine 90 exceeds
about 3600 rotations per minute and the discharge pressure
P exceeds the maximum value of the pressure range P2, a
position of the spool member 360 moved along arrow 71,
engaging with the convex part 48 1s switched from the cam
region 72 to the cam region 73. Thus, the o1l pump 300 shifts
from the state 1n FIG. 18 to a state 1n FIG. 19. When the
spool member 360 1s moved along arrow Z1 along with an
increase 1n the discharge pressure P of the o1l 1 from the
discharge port 53, as shown in FI1G. 19, the convex part 48
1s gradually moved along arrow Y2 to follow the shape
(inclined shape) of the cam region 73. In other words, the
eccentricity of the outer rotor 20 with respect to the nner
rotor 10 1s increased along with a decrease in the amount D
of protrusion along arrow Y1 when the convex part 48
engages with the cam region 73. Therefore, the housing 435
1s changed (increased) to the eccentricity A3 larger than the
maximum value of the eccentricity A2 after the maximum
value of the eccentricity A2. In this case, the discharge
pressure characteristics are shaped like a characteristic G3 1n
FIG. 22. A range of the characteristic G3 corresponds to the
pressure range P3 of the discharge pressure P.

Then, when the rotational speed of the engine 90 exceeds
about 3900 rotations per minute and the discharge pressure
P exceeds the maximum value of the pressure range P3, a
position of the spool member 360 moved along arrow 71,
engaging with the convex part 48 1s switched from the cam
region 73 to the cam region 74. Thus, the o1l pump 300 shafts
from the state i FIG. 19 to a state 1n FIG. 20. When the
spool member 360 1s moved along arrow Z1 along with an
increase 1n the discharge pressure P of the o1l 1 from the
discharge port 53, as shown in FIG. 20, the convex part 48
1s not moved 1 the Y-axis direction to follow the shape (flat
shape) of the cam region 74. In other words, the eccentricity
of the outer rotor 20 with respect to the nner rotor 10 1s
maintained at that position (the maximum value of the
eccentricity A3=the eccentricity A4 (constant value)) when
the convex part 48 engages with the cam region 74. In this
case, the discharge pressure characteristics are shaped like a
characteristic G4 in F1G. 22. A range of the characteristic G4
corresponds to the pressure range P4 of the discharge
pressure P. The inclination of the characteristic G4 1s smaller
than the inclination of the characteristic G1. In other words,
the eccentricity of the housing 45 1s decreased from the
eccentricity Al to the eccentricity A4, and the pump capacity
(a net rate of discharge per rotation) 1s decreased. In other
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words, a straight line (a broken line on which the charac-
teristic G4 extends) having the inclination of the character-
istic G4 corresponds to an eccentricity line between the
maximum and the minimum 1n the oil pump 300.

Then, when the rotational speed of the engine 90 exceeds
about 5300 rotations per minute corresponding to the pres-
sure P4 and the discharge pressure P reaches the pressure P4,
a position of the spool member 360 moved along arrow 71,
engaging with the convex part 48 1s switched from the cam
region 74 to the cam region 75. Thus, the o1l pump 300 shafts
from the state in FIG. 20 to the state 1n FIG. 21. When the
spool member 360 1s moved along arrow Z1 along with an
increase in the discharge pressure P of the o1l 1 from the
discharge port 53, as shown in FIG. 21, the convex part 48
1s gradually moved along arrow Y1 to follow the shape
(inclined shape) of the cam region 75. In other words, the
eccentricity of the outer rotor 20 with respect to the mner
rotor 10 1s decreased again along with an increase in the
amount D of protrusion along arrow Y1 when the convex
part 48 engages with the cam region 75. Therefore, the
housing 45 1s changed (decreased) from the eccentricity A4
(constant value) to the eccentricity AS. In this case, the
discharge pressure characteristics are shaped like a charac-
teristic G5 1n FIG. 22. A straight line (a broken line on which
the characteristic G5 extends) having the inclination of the
characteristic G5 corresponds to a minimum eccentricity
line 1n the o1l pump 300. A range of the characteristic G5
corresponds to the pressure range P3 of the discharge
pressure P. Thus, the oil pump 300 has the discharge
pressure characteristics obtained by connecting the charac-
teristics G1 to G5, as shown by a bold solid line.

In the o1l pump according to the comparative example, on
the other hand, in a section in which the rotational speed of
the engine 90 1s up to about 2900 rotations per minute, the
discharge pressure P of the o1l 1 1s increased following an
increase 1n the rotational speed of the engine 90 (crankshatt
93), but the eccentricity (1n this case, the eccentricity Al) of
the housing (rotor-housing unit) 1s unchanged. Therefore, as
shown 1n FIG. 22, the discharge pressure characteristics are
shaped like a characteristic H1 obtained by extending a
graph to a position 1 which the rotational speed of the
engine 90 reaches about 2900 rotations per minute while
maintaining an inclination equal to that of the characteristic
G1 in the o1l pump 300 (see FIG. 15). Then, when the
rotational speed of the engine 90 exceeds about 2900
rotations per minute, the housing (rotor-housing unit) 1s
moved 1n one direction on the basis of the discharge pressure
P. Thus, the eccentricity (rotor-housing unit) of the housing
1s promptly decreased from the eccentricity Al, which is the
maximum value, to the eccentricity A5 (A1>AS), which1s a
minimum value range. Therefore, at about 2900 rotations
per minute, the discharge pressure characteristics follow a
characteristic H2 having an inclination smaller than that of
the characteristic H1. The characteristic H2 extends to a
position where the rotational speed of the engine 90 1s about
2900 rotations per minute with the same inclination as that
of the characteristic G5 1n the o1l pump 300 (see FIG. 15).
Thus, the o1l pump according to the comparative example
has the discharge pressure characteristics obtained by con-
necting the characteristic H1 (maximum eccentricity line)
and the characteristic H2 (minimum eccentricity line) shown
by bold broken lines.

As shown 1n FIG. 22, 1n the motor vehicle mounted with
the o1l pump 300, operation points S1 to S4 for supplying the
o1l 1 by prescribed o1l pressures are set according to the
rotational speed of the engine 90. In the o1l pump 300
according to the third embodiment, the discharge pressure
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characteristics (characteristics G1 to G5) satistying the
supply pressure of the o1l 1 required at the operation points
S1 to S4 are achieved. Also 1n the o1l pump according to the
comparative example, the discharge pressure characteristics
(characteristics H1 and H2) satisiy this point. However, the 5
required discharge pressure characteristics are only required

to pass through the upper vicinity of the operation points S1

to S4, and at least the discharge pressure P required in the
characteristic G4 1 the oil pump 300 1s satisfied when
attention 1s particularly paid to the operation point S3 (about 10
4000 rotations per minute), which 1s a medium-speed rota-
tion region of the engine 90.

On the other hand, the o1l pump according to the com-
parative example has only the two inclinations of the char-
acteristics H1 and H2, and hence the pressure required at the 15
operation point S3 (about 4000 rotations per minute) 1s
satisiied, but the o1l 1 1s supplied at the discharge pressure
P (characteristic H2) far exceeding this pressure. The oil
pump 300 has the characteristics G2 to H4, and hence unlike
the o1l pump according to the comparative example, no 20
excessive discharge pressure P i1s generated in the o1l pump
300 while the pressure of the o1l 1 required at the operation
point S3 1s satisfied. When the spool member 360 (see FIG.
15) 1s linearly moved along arrow Z1, which 1s one direc-
tion, the housing 435 is reversibly moved 1n two directions 25
along arrow Y1 and arrow Y2 with respect to the pump body
80 while following the concave-convex shape of the cam-
shaped part 362 (see FIG. 15), whereby change from the
characteristic G2 to the characteristic H4 1s achieved. That
the o1l pump 300 according to the third embodiment has 30
sections of the characteristics G2 to G4 having peaks and
valleys to be bent between the characteristic G1 and the
characteristic G3, unlike change from the characteristic H1
(a characteristic obtained by extending the characteristic G1
to the medium-speed rotation region) to the characteristic 35
H2 (a characteristic obtained by extending the characteristic
G5 to the medium-speed rotation region) in the oil pump
according to the comparative example means that the pump
clement 33 (see FIG. 15) generates no wasted (excessive) oil
e¢ven at the same rotational speed. The o1l 1 having a wasted 40
o1l pressure (o1l amount) pushes up a relief valve (not
shown) etc. and 1s returned to the o1l pan 91 through a relietf
path. In the o1l pump 300, no wasted (excessive) oil pressure
(01l amount) 1s generated, and hence power for driving the
pump element 35 1s reduced. A reduction 1 pump power 45
also contributes to a reduction in the load (loss) of the engine
90 and leads to an improved fuel consumption rate.

When the rotational speed of the engine 90 (see FIG. 15)
1s changed from a high state to a low state, the discharge
pressure characteristics are changed 1n a direction opposite 50

to the above. In other words, the discharge pressure P 1s
changed 1n the order of the characteristics G5, G4, G3, G2,

and G1.

According to the third embodiment, between the charac-
teristics of the eccentricity of the outer rotor 20 with respect 55
to the inner rotor 10 resulting from the movement of the
housing 45 1n the Y-axis direction (along arrow Y1 or arrow
Y2) 1n response to the change 1n the amount D of protrusion
of the cam-shaped part 362 generated when the spool
member 360 1s linearly moved along arrow 7Z1 and the 60
characteristics of the eccentricity of the outer rotor 20 with
respect to the inner rotor 10 resulting from the movement of
the housing 45 1n a direction X (along arrow Y1 or arrow
Y2) 1n response to the change 1n the amount D of protrusion
of the cam-shaped part 362 generated when the spool 65
member 360 1s linearly moved along arrow Z2, there 1s a
hysteresis error.
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Specifically, when the rotational speed of the engine 90
(see FIG. 15) 1s increased, as shown 1 FIGS. 18 to 20, the
spool member 360 1s linearly moved along arrow Z1 1n
response to the discharge pressure P of the o1l 1, and the tip
end of the convex part 48 of the housing 45 1s slid with
respect to the cam regions 72, 73, and 74 1n this order. Thus,
the discharge pressure characteristics follow a path of the
characteristic G2, the characteristic G3, and the character-
istic G4, extending from the leit side of the plane of the
figure to the right side thereot, as shown 1n FIG. 23. When
the rotational speed of the engine 90 i1s decreased, on the
other hand, the spool member 360 1s linearly moved along
arrow 72 by the urging force of the spring 306, and the tip
end of the convex part 48 of the housing 45 1s slid with
respect to the cam regions 74, 73, and 72 1n this order. Thus,
the discharge pressure characteristics follow a path of a
characteristic G41, a characteristic G31, a characteristic
(21, extending from the right side of the plane of the figure
to the left side thereof, as shown in FIG. 23.

Between a range of the rotational speed of the engine
corresponding to each of the characteristic G2, the charac-
teristic G3, and the characteristic G4 during an increase in
the rotational speed of the engine and a range of the
rotational speed of the engine corresponding to each of the
characteristic G21, the characteristic G31, and the charac-
teristic G41 during a decrease in the rotational speed of the
engine, there 1s a prescribed hysteresis error. In this case,
during an i1ncrease 1n the rotational speed of the engine, the
discharge pressure characteristics do not switch from the
characteristic G2 to the characteristic G3 and from the
characteristic G3 to the characteristic G4 unless the rota-
tional speed of the engine reaches a relatively high rotational
speed. On the other hand, during a decrease 1n the rotational
speed of the engine, the discharge pressure characteristics do
not switch from the characteristic G41 to the characteristic
(31 and from the characteristic G31 to the characteristic
(21 unless the rotational speed of the engine reaches a
rotational speed lower than that during an increase in the
rotational speed of the engine. Therefore, in the o1l pump
300, 1t 1s necessary to generate a prescribed rotational speed
R1 during an increase in the rotational speed of the engine
90 when a prescribed discharge pressure P (vertical axis) 1s
applied to the discharged o1l 1. On the other hand, the o1l
pump 300 1s configured to maintain the discharge pressure
P to a rotational speed R2 lower than the rotational speed R2
(R2<R1) at which the discharge pressure P 1s obtained
during an increase and decrease the discharge pressure P
alter the rotational speed of the engine reaches a rotational
speed lower than the rotational speed R2, during a decrease
in the rotational speed of the engine 90.

The reason for this 1s as follows. Taking the cam region
72 of the spool member 360 as an example, when the spool
member 360 1s linearly moved along arrow Z1 and the tip
end of the convex part 48 1s slid along the inclined surface
shape of the cam region 72 from the 71 side (a side on which
the amount D of protrusion 1s smaller) to the Z2 side (a side
on which the amount D of protrusion 1s larger) under a
condition where the convex part 48 of the housing 45 is
brought 1into contact with (engages with) the cam region 72
having a prescribed inclination angle in a direction from the
71 side to the 72 side, in which the amount D of protrusion
1s increased, along arrow Y2 by the urging force of the
spring 305, as shown 1n FIG. 15, a total load F1+F2 (acting
along arrow Z2) of the pushing force F1 of the spring 306
acting along arrow Z2 and a spring load (pushing force) F2
split along arrow Z2 on the basis of the inclination angle of
the cam region 72 when the inclined surface of the cam
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region 72 1s pushed along arrow Y2 through the tip end of
the convex part 48 by the urging force of the spring 305 1s
applied to the spool member 360. Therefore, the o1l pump
300 requires a pushing force larger than the total load F1+F2
acting along arrow 72 to act on the pressure-receiving
surface 364 along arrow Z1 1n order to linearly move the
spool member 360 along arrow Z1.

When the spool member 360 i1s linearly moved along
arrow 72 and the tip end of the convex part 48 1s slid along
the inclined surface shape of the cam region 72 from the 7.2
side (the side on which the amount D of protrusion is larger)
to the Z1 side (the side on which the amount D of protrusion
1s smaller), on the other hand, a load F1-F2 (acting along
arrow Z2) obtained by subtracting a spring load (pushing
force) F2 split along arrow Z1 on the basis of the inclination
angle of the cam region 72 when the inclined surface of the
cam region 72 1s pushed along arrow Y2 through the tip end
of the convex part 48 by the urging force of the spring 305
from the pushing force F1 of the spring 306 acting along
arrow 7.2 1s applied to the spool member 360. Therefore, the
o1l pump 300 requires a pushing force smaller than the load
F1-F2 acting along arrow Z2 to act on the pressure-receiving
surface 364 along arrow Z1 1n order to linearly move the
spool member 360 along arrow Z2. Thus, there 1s a differ-
ence 1n a pushing force (the discharge pressure P of the oil
1) to be applied to the pressure-receiving surface 364 of the
spool member 360 along arrow Z1 between when the tip end
of the convex part 48 ascends the inclined surface of the cam
region 72 (the spool member 360 1s moved along arrow 7Z1)
and when the tip end of the convex part 48 descends the
inclined surface of the cam region 72 (the spool member 360
1s moved along arrow 7Z2). This difference in the pushing
force to be applied to the pressure-receiving surface 364
along arrow Z1 corresponds to the hysteresis error shown 1n
FIG. 23. There 1s the hysteresis error, whereby no chattering
phenomenon where the spool member 360 i1s frequently
moved along arrow 7Z1 and arrow Z2 while the wiggle
back-and-forth movement of the housing 435 along the Y-axis
direction 1s frequently repeated, following a frequent up-
and-down fluctuation in the discharge pressure P 1s gener-
ated even when the discharge pressure P of the o1l 1 acting
on the pressure-recerving surface 364 repeatedly fluctuates
up and down at short time intervals. The o1l pump 300
according to the third embodiment 1s configured as
described above.

According to the third embodiment, the following eflects
can be obtained.

More specifically, according to the third embodiment, as
hereinabove described, the o1l pump 300 includes the spool
member 360 linearly moved 1n the Z-axis direction orthogo-
nal to the Y-axis direction in response to the discharge
pressure P of the o1l 1 from the discharge port 53, including
the cam-shaped part 362 provided to increase and decrease
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 by moving the housing 45 in the Y-axis direction
(along arrow Y1 or arrow Y2) following the linear move-
ment along arrow Z1. Thus, a change can be easily made by
increasing or decreasing the eccentricity of the outer rotor 20
with respect to the 1nner rotor 10 while moving the housing
45 1n the Y-axis direction through the cam-shaped part 362
provided in the spool member 360 following the linear
movement of the spool member 360 along arrow 71 in
response to the discharge pressure P of the o1l 1. Therelore,
in the o1l pump 300, only the movement 1n one direction
(along arrow Z1) enables an increase and decrease in the
eccentricity of the outer rotor 20 with respect to the nner
rotor 10, and hence 1t 1s not necessary to switch a position

10

15

20

25

30

35

40

45

50

55

60

65

44

on which the o1l pressure acts in response to the discharge
pressure P (the rotational speed of the engine 90) of the o1l
1. Consequently, 1t 1s not necessary to provide a hydraulic
direction switching valve or the like, and hence the structure
of the o1l pump 300 can be further simplified.

According to the third embodiment, the housing 45
includes the convex part 48 arranged to face the cam-shaped
part 362 of the spool member 360, and the amount D of
protrusion of the cam-shaped part 362 of the spool member
360 with respect to the convex part 48 of the housing 45
changes along the Z-axis direction. Furthermore, the hous-
ing 45 1s moved 1n the Y-axis direction (along arrow Y1 or
arrow Y2) 1n response to the change in the amount D of
protrusion of the cam-shaped part 362 associated with the
movement of the spool member 360 along arrow Z1 so that
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s increased or decreased. Thus, eflectively utilizing
a cam mechanism including the cam-shaped part 362 of the
spool member 360 and the convex part 48 of the housing 45,
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 can be increased or decreased directly following the
change 1n the amount D of protrusion of the cam-shaped part
362 associated with the movement of the spool member 360
along arrow Z1.

According to the third embodiment, the cam-shaped part
362 of the spool member 360 includes at least the cam
region 71 arranged to face the convex part 48 of the housing
45 when the discharge pressure P of the o1l 1 from the
discharge port 53 1s within the pressure range P1, the cam
region 72 engaging with the convex part 48 of the housing
45 when the discharge pressure P 1s within the pressure
range P2 larger than the pressure range P1, and the cam
region 73 engaging with the convex part 48 of the housing
45 when the discharge pressure P 1s within the pressure
range P3 larger than the pressure range P2. Furthermore,
when the spool member 360 1s moved along arrow Z1 so as
to sequentially switch the cam-shaped part 362 of the spool
member 360 to the cam region 71, the cam region 72, and
the cam region 73 in response to an increase 1n the discharge
pressure P of the o1l 1 from the discharge port 33, the amount
of movement of the housing 45 1n the Y-axis direction with
respect to the rotation center R of the mner rotor 10 and the
eccentricity of the outer rotor 20 with respect to the mnner
rotor 10 are decreased 1n the case of the cam region 72, and
the amount of movement of the housing 45 1n the Y-axis
direction and the eccentricity of the outer rotor 20 with
respect to the mner rotor 10 are increased 1n the case of the
cam region 73 from the state where the amount of movement
of the housing 45 1n the Y-axis direction with respect to the
rotation center R of the inner rotor 10 and the eccentricity of
the outer rotor 20 with respect to the inner rotor 10 are
decreased 1n the case of the cam region 72. Thus, based on
the cam region 71 corresponding to the case where the
discharge pressure P of the o1l 1 from the discharge port 53
1s within the pressure range P1, the cam-shaped part 362 of
the spool member 360 1s sequentially switched from the cam
region 71 to the cam region 72 and from the cam region 72
to the cam region 73 along arrow Z1 when the discharge
pressure P of the o1l 1 1s increased from the pressure range
P1 to the pressure range P2 and from the pressure range P2
to the pressure range P3, and the eccentricity of the outer
rotor 20 with respect to the inner rotor 10 can be both
increased and decreased by the switching from the cam
region 71 to the cam region 72 and the switching from the
cam region 72 to the cam region 73 following the movement
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of the spool member 360 along arrow Z1. Therefore, desired
discharge pressure characteristics can be easily generated 1n
the o1l pump 300.

According to the third embodiment, the cam region 71 1s
formed such that the eccentricity of the outer rotor 20 with
respect to the 1nner rotor 10 associated with the movement
of the housing 45 1n the Y-axis direction 1s the eccentricity
Al, the cam region 72 1s formed such that the eccentricity
of the outer rotor 20 with respect to the inner rotor 10
associated with the movement of the housing 45 in the
Y-axis direction 1s the eccentricity A2 smaller than the
eccentricity Al, and the cam region 73 1s formed such that
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 associated with the movement of the housing 45 in
the Y-axis direction 1s the eccentricity A3 larger than the
mimmum value of the eccentricity A2. Thus, based on the
pump capacity in the case where the discharge pressure P of
the o1l 1 1s within the pressure range P1, the pump capacity
in the case where the discharge pressure P of the o1l 1 1s
within the pressure range P2 can be adjusted to be smaller
than the pump capacity in the case where the discharge
pressure P of the o1l 1 1s within the pressure range P1, and
the pump capacity in the case where the discharge pressure
P of the o1l 1 1s within the pressure range P3 can be adjusted
to be larger than the pump capacity in the case where the
discharge pressure P of the o1l 1 1s within the pressure range
P2 and smaller than the pump capacity 1n the case where the
discharge pressure P of the o1l 1 1s within the pressure range
P1.

According to the third embodiment, the cam region 72 1s
provided such that the eccentricity of the outer rotor 20 with
respect to the mner rotor 10 1s decreased from the eccen-
tricity Al to the eccentricity A2 toward the cam region 73,
and the cam region 73 1s provided such that the eccentricity
of the outer rotor 20 with respect to the iner rotor 10 1s
increased from the eccentricity A2 to the eccentricity A3
toward the cam region 74. Thus, when the spool member
360 1s moved along arrow 71, the eccentricity of the outer
rotor 20 with respect to the inner rotor 10 associated with the
movement of the housing 45 1n the Y-axis direction can be
casily decreased 1n the case of the cam region 72. Further-
more, when the spool member 360 1s moved along arrow 7.1,
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 associated with the movement of the housing 45 in
the Y-axis direction can be easily increased 1n the case of the
cam region 73.

According to the third embodiment, the cam region 71,
the cam region 72, and the cam region 73 are continuously
provided, and the convex part 48 of the housing 45 1s
configured to be moved 1n the Y-axis direction (along arrow
Y1 or arrow Y2) by sliding along at least the cam region 72
and the cam region 73 following the movement of the spool
member 360. Thus, the housing 45 can be moved in the
Y-axis direction while engaging with the cam-shaped part
362 (the cam region 72 and the cam region 73) so as to
follow the cam shape (inclined shape) of the cam-shaped
part 362 when the spool member 360 1s moved along arrow
/1, and hence based on the cam region 71 corresponding to
the case where the discharge pressure P of the o1l 1 from the
discharge port 53 1s within the pressure range P1, the
eccentricity of the outer rotor 20 with respect to the nner
rotor 10 can be smoothly decreased 1n the case of the cam
region 72, and the eccentricity of the outer rotor 20 with
respect to the inner rotor 10 can be smoothly increased from
the decreased state in the case of the cam region 73.

According to the third embodiment, the cam region 71 of
the spool member 360 1s linearly moved to the position
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corresponding to the convex part 48 of the housing 45 1n the
pressure range P1 so that the housing 45 1s linearly moved
to the first eccentricity position in the Y-axis direction and
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s changed to the eccentricity Al, which 1s the
maximum eccentricity. Furthermore, the cam region 72 of
the spool member 360 1s linearly moved to the position
engaging with the convex part 48 of the housing 45 1n the
pressure range P2 so that the housing 43 1s linearly moved
to the second eccentricity position in the Y-axis direction and
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 1s changed to the eccentricity A2 smaller than the
eccentricity Al. Moreover, the cam region 73 of the spool
member 360 1s linearly moved to the position engaging with
the convex part 48 of the housing 45 1n the pressure range
P3 so that the housing 45 is linearly moved to the third
eccentricity position 1n the Y-axis direction and the eccen-
tricity of the outer rotor 20 with respect to the mner rotor 10
1s changed to the eccentricity A3 larger than the minimum
value of the eccentricity A2. Thus, the housing 45 can be
moved to any of the first eccentricity position, the second
eccentricity position, and the third eccentricity position
corresponding to the pressure range P1, the pressure range
P2, and the pressure range P3, respectively, and the eccen-
tricity of the outer rotor 20 with respect to the mner rotor 10
can be properly adjusted to the eccentricity Al, the eccen-
tricity A2, and the eccentricity A3. Therefore, the o1l pump
300 capable of accurately exhibiting the required discharge
pressure characteristics can be obtained.

According to the third embodiment, the oil pump 300
includes the spring 305 configured to urge the housing 45
toward the spool member 360 along arrow Y2. Thus, when
the housing 45 1s moved 1n the Y-axis direction following the
linear movement of the spool member 360 along arrow 71,
the housing 45 can be moved in the Y-axis direction while
properly following the cam shape (concave-convex shape)
of the cam-shaped part 362 of the spool member 360 by the
urging force of the spring 305 on the housing 45 toward the
spool member 360 along arrow Y2.

According to the third embodiment, the o1l pump 300
includes the spring 306 configured to urge the spool member
360 toward the discharge o1l passage 54 (a position on the
side of the discharge port 53) along arrow Z2. Thus, when
the discharge pressure P of the o1l 1 from the discharge port
53 1s decreased, the spool member 360 can be easily pushed
back along arrow Z2 by the urging force of the spring 306,
and hence the spool member 360 can perform a reversible
operation 1n response to the discharge pressure P of the o1l
1.

According to the third embodiment, there 1s the hysteresis
error between the characteristics (a shift to the characteris-
tics G2, G3, and G4 1 FIG. 23) of the eccentricity of the
outer rotor 20 with respect to the mner rotor 10 resulting
from the movement of the housing 45 1n the Y-axis direction
(along arrow Y1 or arrow Y2) 1n response to the change 1n
the amount D of protrusion of the cam-shaped part 362
generated when the spool member 360 i1s linearly moved
along arrow Z1 and the characteristics (a shift to the char-
acteristics G41, G31, and G21 1n FIG. 23) of the eccentricity
of the outer rotor 20 with respect to the inner rotor 10
resulting from the movement of the housing 45 in the
direction X 1n response to the change in the amount D of
protrusion of the cam-shaped part 362 generated when the
spool member 360 1s linearly moved along arrow Z2. Thus,
even when the discharge pressure P of the o1l 1 from the
discharge port 53 repeatedly fluctuates up and down at the
short time intervals, the characteristics of the eccentricity of
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the rotation center U of the outer rotor 20 with respect to the
inner rotor 10 have the hysteresis error i response to the
movement direction of the spool member 360, and hence
generation of the phenomenon (chattering phenomenon)
where the linear movement of the spool member 360 along
arrow Z1 and arrow Z2 following the frequent up-and-down
fluctuation of the discharge pressure P and the wiggle
back-and-forth movement of the housing 45 in the Y-axis
direction based on this are frequently repeated can be
avoided in the o1l pump 300. Therefore, even when the
discharge pressure P of the o1l 1 from the discharge port 53
repeatedly tluctuates up and down at the short time 1ntervals,
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 does not vary 1n a fluctuating manner, and hence the
o1l 1 can be stably discharged.

According to the third embodiment, the opening 86 that 1s
open to the o1l passage part 57 1s provided 1n the pump-
housing unit 81 of the pump body 80. Furthermore, the o1l
pump 300 1s configured such that at least part of the o1l 1
suctioned 1nto the suction port 52 through the opening 86 1s
drawn 1nto the cam-shaped part 362 (cam regions 71 to 75)
of the spool member 360. Thus, when the housing 45 is
moved 1n the Y-axis direction through the cam-shaped part
362 provided in the spool member 360, the o1l 1, the

pressure of which 1s decreased to below the discharge
pressure P, 1s easily drawn into the cam-shaped part 362 so
that the convex part 48 (the tip end of the convex part 48
coming into contact with the cam-shaped part 362) of the
housing 45 can be smoothly moved, and hence cam opera-
tion for moving the housing 43 1n the Y-axis direction can be
smoothly performed by the spool member 360. Thus, the
smooth discharge pressure characteristics accurately follow-
ing the discharge pressure P of the o1l 1 from the discharge
port 53 can be obtained.

Fourth Embodiment

A fourth embodiment 1s now described with reference to
FIGS. 15, 24, and 25. In this fourth embodiment, an example
of configuring an o1l pump 400 including a spool member
460 including a cam-shaped part 462 different from the
spool member 360 (see FIG. 15) used 1n the atorementioned
third embodiment 1s described. In the figures, the same
reference numerals as those in the aforementioned third
embodiment are assigned to and show structures similar to
those of the third embodiment.

The o1l pump 400 according to the fourth embodiment of
the present mvention includes the spool member 460, as
shown 1 FIG. 24. The spool member 460 1s an example of
the “cam member” 1n the present mvention.

According to the fourth embodiment, the cam-shaped part
462 of the spool member 460 1s formed by connecting a cam
region 71, a cam region 72, a cam region 473, and a cam
region 475 1n this order along a Z-axis direction from a first
end (Z1 side) toward a second end (72 side). In other words,
the cam region 473 1s connected to the cam region 475
without providing a cam region 74 (see FIG. 15) parallel to
the Z-axis direction, unlike the spool member 360 (see FIG.
15). Therefore, the cam region 473 1s slightly longer than the
cam region 73 (see FIG. 15) according to the third embodi-
ment, and the cam region 4735 extends to the cam region 473
while keeping the same inclination because of no cam region
74 (see FI1G. 15). The cam-shaped part 462 1s an example of
the “cam region” in the present invention, and the cam
region 473 1s an example of the “third cam region™ 1n the
present mvention.
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Therefore, the o1l pump 400 has characteristics (the
discharge pressure characteristics of o1l 1 with respect to the
rotational speed of an inner rotor 10) shown in FIG. 25.

In FIG. 25, a characteristic G1 and a characteristic G2 1n
the cam region 71 and the cam region 72 associated with the
movement of the spool member 460 along arrow Z1 are the
same as 1n the case of the o1l pump 300. When the rotational
speed of an engine 90 (see FIG. 24) exceeds about 3600
rotations per minute and the discharge pressure P exceeds
the maximum value of a pressure range P2, a position of the
spool member 460 moved along arrow Z1, engaging with a
convex part 48 1s switched from the cam region 72 to the
cam region 473. In the case of the cam region 473, the
eccentricity of an outer rotor 20 with respect to the inner
rotor 10 1s increased along with a decrease 1n the amount D
ol protrusion along arrow Y1, and the discharge pressure
characteristics are shaped like a characteristic G6. When the
rotational speed of the engine 90 exceeds about 3900
rotations per minute and the discharge pressure P exceeds
the maximum value of a pressure range P3, a position of the
spool member 460 moved along arrow 71, engaging with
the convex part 48 1s switched from the cam region 473 to
the cam region 475. In the case of the cam region 475, the
eccentricity of the outer rotor 20 with respect to the nner
rotor 10 1s decreased again along with an increase in the
amount D of protrusion along arrow Y1, and the discharge
pressure characteristics are shaped like a characteristic G7.
Thus, the o1l pump 400 has the discharge pressure charac-
teristics obtained by connecting the characteristics G1, G2,
(G6, and G7, as shown by a bold solid line.

That the o1l pump 400 according to the fourth embodi-
ment also has sections of the characteristic G2 and the
characteristic G6 between the characteristic G1 and the
characteristic G7, as compared with discharge pressure
characteristics (characteristics H1 and H2) 1n an o1l pump
according to a comparative example means that a pump
clement 33 (see FIG. 24) generates no wasted (excessive) oil
even at the same rotational speed but the o1l pump 400 has
characteristics satisiying the pressure of the o1l 1 required at
a prescribed operation point S3. Therefore, also 1n the o1l
pump 400, no wasted (excessive) o1l pressure 1s generated,
and hence pump power 1s reduced. A reduction 1n pump
power also contributes to a reduction 1n the load (loss) of the
engine 90 and leads to an improved fuel consumption rate.
When the rotational speed of the engine 90 (see FIG. 24) 1s
changed from a high state to a low state, the discharge
pressure characteristics are changed in a direction opposite
to the above. In other words, the discharge pressure P 1s
changed 1n the order of the characteristics G7, G6, G2, and
(1. The remaining structure of the o1l pump 400 according
to the fourth embodiment 1s similar to that of the o1l pump
300 according to the atorementioned third embodiment.

According to the fourth embodiment, the following
cllects can be obtained.

According to the fourth embodiment, as hereinabove
described, the o1l pump 400 1ncludes the spool member 460
linearly moved in the Z-axis direction orthogonal to a Y-axis
direction 1n response to the discharge pressure P of the o1l 1
from the discharge port 53, including the cam-shaped part
462 provided to increase and decrease the eccentricity of the
outer rotor 20 with respect to the mner rotor 10 by moving
the housing 45 in the Y-axis direction (along arrow Y1 or
arrow Y 2) following the linear movement along arrow Z1.
Thus, a change can be easily made by increasing or decreas-
ing the eccentricity of the outer rotor 20 with respect to the
inner rotor 10 while moving the housing 45 1n the Y-axis
direction through the cam-shaped part 462 provided in the
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spool member 460 following the linear movement of the
spool member 460 along arrow Z1 i1n response to the
discharge pressure P of the o1l 1. Therefore, unlike the case
where the o1l pump 1s provided with a multisystem hydraulic
circuit, a hydraulic direction switching valve, etc. and 1s
configured to switch the way of applying o1l pressure to the
housing 45 (a position of the housing 45 on which o1l
pressure acts) in response to the discharge pressure P of the
o1l 1 (the rotational speed of the engine 90), for example, 1n
the case where the spool member 460 configured to be
linearly moved 1n the Z-axis direction in response to the
discharge pressure P of the o1l 1 and to increase and decrease
the eccentricity of the outer rotor 20 with respect to the inner
rotor 10 by moving the housing 45 in the Y-axis direction
following the linear movement along arrow Z1 1s provided,
the desired discharge pressure characteristics can be gener-
ated 1n the o1l pump 400, similarly to the case where a
hydraulic direction switching valve or the like 1s provided.
Thus, the structure of the o1l pump 400 can be further

simplified. The remaining effects of the fourth embodiment
are similar to those of the aforementioned third embodiment.

The embodiments disclosed this time must be considered
as illustrative 1n all points and not restrictive. The range of
the present invention 1s shown not by the above description
of the embodiments but by the scope of claims for patent,
and all modifications within the meaning and range equiva-
lent to the scope of claims for patent are further included.

For example, while the example of configuring the o1l
pump 100 (200, 300, 400) such that the six vanes 30 are
arranged between the 1ner rotor 10 and the outer rotor 20
(220) at the equal angular 1intervals (60-degree intervals) has
been shown in each of the aforementioned first to fourth
embodiments, the present invention 1s not restricted to this.
For example, four (90-degree intervals), five (72-degree
intervals), eight (45-degree intervals), nine (40-degree 1nter-
vals) vanes 30, or the like other than the six vanes 30 may
be provided. In this case, the number of outer rotor pieces
constituting the outer rotor 1s changed 1n response to the
number of vanes 30.

While the example of providing the notch parts 217 and
21¢g 1n each of the outer rotor pieces 21 and allowing the
volume parts 62 and 61 to communicate with each other has
been shown 1n each of the aforementioned first, third, and
fourth embodiments and the example of providing the notch
parts 221f and 221g in each of the outer rotor pieces 221 and
allowing the volume parts 262 and 261 to communicate with
cach other has been shown in the aforementioned second
embodiment, the present invention 1s not restricted to this. A
communicating hole may be provided in each of the outer
rotor pieces, for example. As an example, outer rotor pieces
521 may be configured as 1n a modification shown 1n FIG.
26. More specifically, a communicating hole 501 passing
through a second engaging piece 215 1n a thickness direction
may be provided in a connection part between a base 21e
and the second engaging piece 215, and a communicating
hole 502 passing through a fourth engaging piece 214 1n the
thickness direction may be provided in an end 1n which a
first engaging piece 21a and the fourth engaging piece 21d
face each other in an axial direction (direction X). The
communicating holes 501 and 502 are examples of the
“hole” 1n the present invention.

While the example of using the crankshaft 93 of the
internal combustion (engine 90) as the drive source for the
inner rotor 10 has been shown 1n each of the alforementioned
first to fourth embodiments, the present mvention 1s not
restricted to this. For example, an electric motor may be used
as the drive source for the o1l pump (1nner rotor). In this case,
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the rate of discharge of the oil pump 100 (200, 300, 400)
may be variable 1n response to the eccentricity of the outer
rotor 20 with respect to the imnner rotor 10 with the rotational
speed of the electric motor kept constant, or in addition to
the mechamical pumping of the outer rotor 20 associated
with this eccentricity, the rate of discharge of the o1l pump
100 (200, 300, 400) may be more finely adjusted to the
required rate of discharge by further changing the rotational
speed of the electric motor.

While the example of configuring the oil pump 100 (200,
300, 400) to be capable of varying the rate of discharge 1n
response to the eccentricity by moving the housing 40 (45)
parallel to the inner rotor 10, the rotation center R of which
1s fixed inside the pump body 50 (80), has been shown 1n
each of the alorementioned first to fourth embodiments, the
present invention 1s not restricted to this. The o1l pump may
be configured to generate the eccentricity of the outer rotor
20 with respect to the inner rotor 10 by providing a rotational
fulcrum on one side of the housing 40 (45) and rotating
another side of the housing 40 (45) by a prescribed angle
about this rotational fulcrum, for example.

While the example of shifting the center of the housing 40
with respect to the mner rotor 10, the rotation center R of
which 1s fixed, has been shown 1n each of the aforemen-
tioned first and second embodiments, the present invention
1s not restricted to this. More specifically, the o1l pump 100
(200) may be configured such that the rotation center R of
the inner rotor 10 1s movable so that the mner rotor 10 1s
eccentric with respect to the fixed housing 40 and the rate of
discharge 1s variable 1n response to the eccentricity.

While the example of shifting the center of the housing 45
in the Y-axis direction (along arrow Y1 or arrow Y2) with
respect to the inner rotor 10, the rotation center R of which
1s fixed, has been shown 1n each of the atorementioned third
and fourth embodiments, the present invention i1s not
restricted to this. More specifically, the o1l pump 300 (400)
may be configured such that the rotation center R of the
inner rotor 10 1s movable 1n the Y-axis direction so that the
rotation center R of the mnner rotor 10 1s eccentric with
respect to the rotation center U of the fixed housing 45 and
the discharge pressure 1s changed 1n response to the forward
or reverse eccentricity of the mner rotor 10 associated with
the movement of the spool member 360 along arrow Z1.

While the example of moving the housing 45 forward and
reversely 1n the Y-axis direction in a state where the tip end
of the convex part 48 of the housing 45 1s brought into
contact with the cam-shaped part 362 (462) of the spool
member 360 (460) formed by continuously connecting the
multiple cam regions with inclined angles different from
cach other has been shown 1n each of the aforementioned
third and fourth embodiments, the present invention 1s not
restricted to this. For example, a cam groove having the
amount D of protrusion similar to that of the cam-shaped
part 362 may be formed in the spool member, an engaging
pin fitted into and engaging with this cam groove may be
provided 1n a part of the housing 45 (rotor-housing unit)
corresponding to the convex part 48, and the eccentricity of
the outer rotor 20 with respect to the iner rotor 10 may be
increased and decreased while the rotor-housing unit is
moved 1n the Y-axis direction (along arrow Y1 or arrow Y2)
utilizing engagement between the engaging pin of the rotor-
housing unit and the cam groove of the spool member when
the spool member 360 1s linearly moved along arrow Z1.

While the example of configuring the o1l pump 300 (400)
such that the housing 45 (convex part 48) 1s pushed along
arrow Y1 by the cam-shaped part 362 (462) along with the
linecar movement of the spool member 360 (460) along
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arrow Z1 1n a state where the convex part 48 of the housing
45 1s brought into contact with (engages with) the cam-
shaped part 362 (462) of the spool member 360 (460) along
arrow Y2 by the urging force of the spring 305 has been
shown in each of the aforementioned third and fourth
embodiments, the present invention 1s not restricted to this.
The o1l pump may be configured such that the rotor-housing
unit 1s moved along arrow Y1 along with the linear move-
ment of the spool member along arrow Z1 by devising how
the spool member engages with the rotor-housing umit
(engagement mechanism), for example.

While the example of providing the cam-shaped part 362
including the cam regions 71 to 73 1n the spool member 360
has been shown in the aforementioned third embodiment
and the example of providing the cam-shaped part 462
including the cam regions 71, 72, 473, and 475 1n the spool
member 460 has been shown 1n the aforementioned fourth
embodiment, the present invention 1s not restricted to this.
The cam shape (concave-convex shape) of the cam regions
may be other than the above. The cam shape of the cam
regions can be properly changed 1n response to an operation
point required by a device (motor vehicle or the like) to
which o1l pressure 1s supplied.

While the example of providing the spool member 360
(460) movable back and forth 1n the Z-axis direction
orthogonal to the Y-axis direction with respect to the housing
45 movable back and forth in the Y-axis direction in the
pump body 80 has been shown i1n each of the aforemen-
tioned third and fourth embodiments, the present invention
1s not restricted to this. The linear movement direction of the
spool member 360 in response to the discharge pressure P of
the o1l 1 1s only required to intersect with the movement
direction of the housing 45. For example, the pump body 80
and the internal oil passage (o1l pressure path) may be
configured such that the spool member 360 i1s linearly
moved along the X-axis direction on which the rotation axis
of the mner rotor 10 extends.

While the example of configuring the o1l pump 100 (200)
to rotate the outer rotor 20 (220) 1n the same direction by
rotating the 1nner rotor 10 along arrow Q2 has been shown
in each of the atorementioned first and second embodiments,
the present invention is not restricted to this. Sitmilarly to the
aforementioned third and fourth embodiments, for example,
the o1l pump 100 (200) may be configured to rotate the inner
rotor 10 along arrow Q1 opposite to arrow Q2. More
specifically, the vanes 30 are configured to repetitively
linearly appear from and disappear into the inner rotor 10
along the radial direction, and hence the rotation direction of
the inner rotor 10 1s not limited. However, it 1s necessary to
arrange the suction port 52 and the discharge port 53
reversely to the above when the inner rotor 10 1s rotated
along arrow Q1.

While the example of forming each of the outer rotor
pieces 221 to have the uniform cross-sectional shape from
the end on the X2 side to the end on the X1 side, except for
the notch parts 221f and 221g has been shown in the
aforementioned second embodiment, the present invention
1s not restricted to this. For example, the first engaging piece
221a and the second engaging piece 2215 of each of the
outer rotor pieces 221 may be integrally connected to each
other in the radial direction 1n both ends along the direction
X. Each of the outer rotor pieces may be configured such that
the engagement space 203 1s formed 1n a recess part cir-
cumierentially surrounded by the first engaging piece 221a,
the second engaglng piece 221b, and side ends connectmg
the first engaging plece 221a and the second engaging piece

2215 1n both ends in the direction X. Theretore, the third
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engaging piece 221c¢ engages with the first engaging piece
221a and the second engaging piece 2215 so as to freely
appear Irom and disappear into the engagement space 203
circumierentially closed. In this case, a communicating hole
passing through the second engaging piece 2215 in the
thickness direction may be provided instead of the notch part
2211 to allow the engagement space 203 and the volume
chamber 261 to communicate with each other. According to
the structure of this modification, the first engaging piece
221a and the second engaging piece 2215 each having a
small thickness (which are thin) are itegrally connected to
each other 1n both ends in the direction X, and hence the
stiflness of the outer rotor pieces each having the third
engaging piece 221c¢ that repetitively appears from and
disappears 1nto the engagement space 203 can be improved.

While the example of configuring the oil pump 100 (200,
300, 400) to be capable of varying the rate of discharge 1n
response to the eccentricity by moving the housing 40
parallel to the inner rotor 10, the rotation center R of which
1s fixed 1nside the pump body 50, has been shown 1n each of
the atforementioned first to fourth embodiments, the present
invention 1s not restricted to this. For example, the o1l pump
may be configured to keep the rate of discharge constant in
response to the constant eccentricity without the parallel
movement of the housing 40.

While the example 1n which the outer rotor pieces 21
(221) constitute the outer rotor 20 (220) made of the
aluminum alloy has been shown in each of the aforemen-
tioned first to fourth embodiments, the present mvention 1s
not restricted to this. The outer rotor (outer rotor pieces) may
be made of a resin material, for example.

While the example of applying the present mnvention to
the o1l pump 100 (200, 300, 400) supplying the o1l (lubri-
cating o1l) 1 to the internal combustion (engine) has been
shown 1n each of the atorementioned first to fourth embodi-
ments, the present invention 1s not restricted to this. The
prevent invention may be applied to an oil pump for sup-
plying automatic transmission (AT) fluid (AT o1l) to an AT
that automatically switches a transmission gear ratio in
response to the rotational speed of the internal combustion,
for example. Alternatively, the present invention may be
applied to an o1l pump for supplying lubricating o1l to a slide
part 1n a continuously variable transmission (CV'T) capable
of continuously varying a transmission gear ratio unlike the
alorementioned AT (multistage transmission) changing
gears by switching a combination of gears. Alternatively, the
present invention may be applied to an o1l pump for sup-
plying power steering o1l to a power steering that drives a
steering of a vehicle.

While the example of mounting the o1l pump 100 (200,
300, 400) on a vehicle such as the motor vehicle including
the 1ntemal combustion (engine) has been shown 1n each of
the atorementioned first to fourth embodiments, the present
invention 1s not restricted to this. The present invention may
be applied to an o1l pump mounted on an equipment instru-
ment other than the vehicle including the internal combus-
tion (engine), for example. Alternatively, as the internal
combustion, a gasoline engine, a diesel engine, a gas engine,
etc. are applicable.

DESCRIPTION OF R

vn
—

ERENCE NUMERALS

1 oil
5, 8 engagement space (first engagement space)

6, 7 engagement space (second engagement space)
10 inner rotor

12 vane-housing unit
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12a recess part (vane-housing unit)
20, 220 outer rotor

21, 221 outer rotor piece

21a, 221a first engaging piece

21b, 2215 second engaging piece
21c, 221 ¢ third engaging piece

21d fourth engaging piece

21e, 221e base (vane-connecting part)
21/, 221f notch part (groove part)
212, 221¢ notch part (groove part)
21/, 221/ engaging part (vane-connecting part)
30 vane

31 base (part housed 1n the vane-housing unit)
32 tip end

35, 235 pump clement

40, 45 housing (rotor-housing unit)
46 seat part

4’7 convex part (cam engaging part)
50, 80 pump body

52 suction port

53 discharge port

54 discharge o1l passage

57 o1l passage part

58a pressure-receiving region

58b adjustment region

61, 261 volume chamber (first volume-changing part)

62, 262 volume chamber (second volume-changing part)
63, 263 volume chamber (third volume-changing part)
71 cam region (first cam region)

72 cam region (second cam region)

73, 473 cam region (third cam region)

74 cam region

75, 475 cam region

81 pump-housing unit

835 spring-storing unit

86 opening

90 engine

100, 200, 300, 400 o1l pump

201, 202 engagement space (first engagement space)
203 engagement space (second engagement space)
305 spring (first urging member)

306 spring (second urging member)

360, 460 spool member (cam member)

361 main body part

362, 462 cam-shaped part (cam region)

363 seat part

364 pressure-receiving surface

365 communicating hole

501, 502 communicating hole (hole)

The 1nvention claimed 1s:

1. An o1l pump comprising:

a rotatable inner rotor that includes a vane-housing unit
housing multiple vanes so as to be capable of sliding 1n
a radial direction;

a rotatable annular outer rotor that includes multiple
vane-connecting parts connecting tip ends of the mul-
tiple vanes on an outside 1n the radial direction;

first volume-changing parts, which are provided between
the inner rotor and the outer rotor, and a first volume of
which 1s changed in response to eccentricity of the
inner rotor with respect to the outer rotor, thereby
providing a pumping function; and

second volume-changing parts, which are provided 1n the
outer rotor, and a second volume of which 1s changed
by a change in a distance between adjacent vane-
connecting parts 1 a circumferential direction 1n
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response to the eccentricity of the inner rotor with
respect to the outer rotor, thereby providing a pumping
function

the second volume-changing parts being configured to be

capable of changing the second volume by the change
in the distance between the multiple vane-connecting
parts of the outer rotor in the circumiferential direction
by changes in radial slide positions of the tip ends of the
vanes on the outside 1n the radial direction in response
to the eccentricity of the mnner rotor with respect to the
outer rotor,

the outer rotor including multiple outer rotor pieces, each

of which 1s provided for each of the multiple vanes and
includes a vane-connecting part,

the multiple outer rotor pieces are circumierentially

arranged 1n a state where adjacent outer rotor pieces
engage with each other so as to be capable of changing
a distance therebetween in the circumiferential direc-
tion, and

the adjacent outer rotor pieces engage with each other 1n

the circumferential direction while having engagement
spaces constituting the second volume changing-parts,
and the second volume of the engagement spaces 1s
changed by a change in the distance between the
adjacent outer rotor pieces in the circumierential direc-
tion.

2. The o1l pump according to claim 1, further comprising
third volume-changing parts, a third volume of which 1n the
vane-housing unit of the inner rotor 1s changed by shide of
the multiple vanes in the radial direction 1n response to the
eccentricity of the mner rotor with respect to the outer rotor,
thereby providing a pumping function.

3. The o1l pump according to claim 2, further comprising
a suction port that suctions oil and a discharge port that
discharges the oi1l, wherein

in the suction port, the third volume 1n the vane-housing

unit of the mner rotor 1s gradually 1increased by gradual
slide of the vanes, housed 1n the vane-housing unit, to
the outside 1n the radial direction, and in the discharge
port, the third volume 1n the vane-housing unit of the
inner rotor 1s gradually decreased by the gradual slide
of the vanes, housed 1n the vane-housing unit, to an
inside 1n the radial direction.

4. The o1l pump according to claim 2, wherein

a thickness of each of parts of the vanes housed 1n the

vane-housing unit 1s constant.

5. The o1l pump according to claim 1, wherein

grooves or holes that allow the engagement spaces con-

stituting the second volume-changing parts and the first
volume-changing parts to communicate with each other
are provided.

6. The o1l pump according to claim 1, wherein

the engagement spaces constituting the second volume-

changing parts each include a {first engagement space
located on a first side between two adjacent vanes and
a second engagement space located on a second side
between the two adjacent vanes.

7. The o1l pump according to claim 1, further comprising,
a suction port that suctions oil and a discharge port that
discharges the oi1l, wherein

the outer rotor includes multiple outer rotor pieces, each

of which 1s provided for each of the multiple vanes and
includes the vane-connecting part, and

in the suction port, the second volume i1s gradually

increased by a gradual increase in the distance between
the adjacent outer rotor pieces in the circumierential
direction, and in the discharge port, the second volume
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1s gradually decreased by a gradual decrease in the
distance between the adjacent outer rotor pieces 1n the
circumierential direction.

8. The o1l pump according to claim 1, further comprising;:

a rotor-housing unit that houses the inner rotor and 1s
movable 1n a first direction so as to change the eccen-
tricity of the inner rotor;

a suction port that suctions o1l and a discharge port that
discharges the o1l; and

a cam member linearly moved i a second direction
orthogonal to the first direction in response to discharge
pressure of the o1l from the discharge port, including a
cam region provided to increase and decrease the
eccentricity of the inner rotor by moving the rotor-
housing unit 1n the first direction following linear
movement in one direction of the second direction.

9. The o1l pump according to claim 8, wherein

the cam member 1includes a spool member linearly moved
in the second direction in response to the discharge
pressure of the oil,

the rotor-housing unit includes a cam engaging part
arranged to face the cam region of the spool member,
and

an amount of protrusion of the cam region of the spool
member with respect to the cam engaging part of the
rotor-housing unit changes along the second direction,
and the rotor-housing unit 1s moved in the first direction
in response to a change in the amount of protrusion of
the cam region associated with movement of the spool
member 1n the one direction of the second direction so
that the eccentricity of the inner rotor 1s increased or
decreased.

10. The o1l pump according to claim 9, wherein

the cam region of the spool member includes:

a first cam region arranged to face the cam engaging part
of the rotor-housing unit when the discharge pressure of
the o1l from the discharge port 1s within a first pressure
range,

a second cam region engaging with the cam engaging part
of the rotor-housing unit when the discharge pressure of
the o1l from the discharge port 1s within a second
pressure range larger than the first pressure range, and

a third cam region engaging with the cam engaging part
of the rotor-housing unit when the discharge pressure of
the o1l from the discharge port 1s within a third pressure
range larger than the second pressure range, and

when the spool member 1s moved 1n the one direction of
the second direction so as to sequentially switch the
cam region of the cam member to the first cam region,
the second cam region, and the third cam region in
response to an increase in the discharge pressure of the
o1l from the discharge port, an amount of movement of
the rotor-housing unit 1n the first direction with respect
to a rotation center of the mner rotor and the eccen-
tricity of the mner rotor are decreased in a case of the
second cam region, and the amount of the movement of
the rotor-housing unit 1n the first direction and the
eccentricity of the mner rotor are increased 1n a case of
the third cam region from a state where the amount of
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the movement of the rotor-housing unit in the first
direction with respect to the rotation center of the inner
rotor and the eccentricity of the inner rotor are
decreased 1n the case of the second cam region.

11. The o1l pump according to claim 10, wherein

the first cam region 1s formed such that the eccentricity of
the 1mner rotor associated with the movement of the
rotor-housing unit in the first direction 1s first eccen-
tricity,

the second cam region 1s formed such that the eccentricity
of the mner rotor associated with the movement of the
rotor-housing unit in the first direction 1s second eccen-
tricity smaller than the first eccentricity, and

the third cam region i1s formed such that the eccentricity
of the mner rotor associated with the movement of the
rotor-housing unit in the first direction 1s third eccen-
tricity larger than a mimmum value of the second
eccentricity.

12. The o1l pump according to claim 11, wherein

the second cam region 1s provided such that the eccen-
tricity of the inner rotor 1s decreased from the first
eccentricity to the second eccentricity toward the third
cam region, and

the third cam region 1s provided such that the eccentricity
of the 1nner rotor 1s 1ncreased from the second eccen-
tricity to the third eccentricity toward a side opposite to
the second cam region.

13. The o1l pump according to claim 10, wherein

the first cam region of the spool member 1s linearly moved
to a position corresponding to the cam engaging part of
the rotor-housing unit in the first pressure range so that
the rotor-housing unit i1s linearly moved to a first
eccentricity position 1n the first direction and the eccen-
tricity of the inner rotor with respect to the outer rotor
1s changed to first eccentricity, which 1s maximum
eccentricity,

the second cam region of the spool member 1s linearly
moved to a position engaging with the cam engaging
part of the rotor-housing unit in the second pressure
range so that the rotor-housing unit 1s linearly moved to
a second eccentricity position in the first direction and
the eccentricity of the inner rotor with respect to the
outer rotor 1s changed to second eccentricity smaller
than the first eccentricity, and

the third cam region of the spool member 1s linearly
moved to the position engaging with the cam engaging
part of the rotor-housing unit in the third pressure range
so that the rotor-housing unit 1s linearly moved to a
third eccentricity position in the first direction and the
eccentricity of the mner rotor with respect to the outer
rotor 1s changed to third eccentricity larger than a
minimum value of the second eccentricity.

14. The o1l pump according to claim 8, further compris-

ng:

a first urging member that urges the rotor-housing unit
toward the cam member; and

a second urging member that urges the cam member
toward a position on a side of the discharge port.
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